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EVERY. 
WEEK 
FOR 


HAS SIGNED A MAJOR CONTRACT 
TO SUPPLY ASH HANDLING EQUIPMENT! 


The Allen-Sherman-Hoff Company was incorporated 
in 1921 by three outstanding leaders in the ash 
handling field, Messrs. F. B. Allen, M. C. Sherman 
and L. P. Hoff. The stated purpose of the new com- 
pany was the manufacture of ash hoppers, but from 
the start they pioneered in the development of com- 
plete hydraulic and pneumatic materials handling 
systems for the removal of ash, slag, dust and other 
industrial solids. 

As the demand for ash and dust handling systems 
increased, The Allen-Sherman-Hoff Company ex- 
panded to keep pace. Today their facilities are the 
largest and most complete in the industry. Com- 
petent field engineers are strategically located in 
19 cities in the U.S. and 3 in Canada. Service engi- 
neers are permanently assigned to most of these 
offices. 


"MATERIALS HANDLING SYSTEMS 


“Hydrojet” hydraulic 


It was a happy coincidence that the initials of our 
founders’ last names spelled the word ASH. This 
appropriate combination of letters soon became 
our trademark —and the watchword wherever ash 
handling needs arise. 

During our 36 years of growth we have averaged 
better than 60 major contracts per year. The knowl- 
edge and experience we have accumulated are avail- 
able to help solve your problem, no matter how big 
or how small. Describe your problem and we'll rush 
you helpful data or arrange for a competent field 
engineer to call. 
| 


> A-S-H service doesn't stop with installation. When 
service problems come up, we Stand ready to give 
prompt service assistance. This is a policy worth con- 
sidering when suppliers are being selected. 


259 gE. Lancaster Ave., Wynnewood, Pa. 
Offices and representatives in principal cities 
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Even before the advent 

of commercial electricity, 

Link-Belt was designing, 

manufacturing and installing 

coal handling equipment 

for steam generating plants. 

And today, on a foundation of 

over 80 year's experience and 
hundreds of installations, Link-Belt 
serves as a single source and 
responsibility for complete coal 
carrying systems ... for both central 
stations and small boiler houses. 

On the following two pages you'll find 
a few of the reasons why it’s worth relying 
on this... 


handling pioneer with 
an up-to-date outlook 
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UNLOADING — 


unloading . . . efficiently handle moist, fine or frozen coal. 
For lower capacities, Link-Belt makes a full line of re- 
ceiving hoppers. 


FEEDERS transfer coal uniformly and dependably from re- 
ceiving hoppers to conveying system. Broad line includes 
belt (above) and apron types. Link-Belt also supplies 
drives and components for any power transmission need. 


LINK-BELT supports 
with equally advanced 


VERY day, throughout the country, tremen- 
dous tonnages of coal are carried to power 
plant bunkers by high-capacity Link-Belt handling 
systems. Unloading, storing, reclaiming, crushing, 
weighing — Link-Belt equipment and engineering 
skill assure efficiency and economy every step of 
the way. In public utility power plants... in 
commercial, industrial and institutional building 
boiler houses — wherever steam is produced by 
coal, Link-Belt can recommend the right methods 
and equipment to achieve lowest per-ton handling 
costs. 
When planning a coal handling system, Link- 


RECLAIMING 


Belt engineers carefully consider all factors — 
size and location of the plant; method of coal 
delivery; available storage area; type of coal to 
be used. Especially important, they can make 
provisions for readily increasing the capacity of 
the system in case of future plant expansion. 

Find out how this one-source service can im- 
prove your coal handling procedures. Link-Belt 
will work with your engineers and consultants 
from planning through erection of your system 
. . . OF Can assume complete responsibility for the 
entire installation. Contact your nearest Link-Belt 
office for complete information. 


HIGH CAPACITY RECLAIMING is obtained with independent 
system of hoppers, feeders and conveyors which assure 
economical transfer of coal from storage to bunkers. 


BELT CONVEYORS handle large tonnages at low cost... 

transport, stock out, reclaim and distribute. When distrib- 

— coal to bunkers, plow on tripper and bin seal confine 
ust. 
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STORING —— 


BUCKET ELEVATOR AND SILO provide p 
economical storage for small power 


storage ... : plants. Reserve storage from bottom of 
conveyor systems to handle any capacity. silo or from ground can be recirculated. 


modern boiler efficiencies 
coal handling systems 


You'll be interested in Book 
2410. Its 44 pages of photo- 
graphs and drawings in- 
clude many outstanding 
Link-Belt coal handling sys- 
tems, large and small. Cop- 
ies are available at every 


Link-Belt office. Call or COAL HANDLING EQUIPMENT 


write. 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. 
To Serve Industry There Are Link-Belt Plants and Sales Offices in All 
Principal Cities. Export Office, New York 7; Canada, Scarboro 
(Toronto 13); Australia, ‘Marrickville (Sydney), N.S.W.; South 

Africa, Springs. Representatives Throughout the World. 14,693 


DISTRIBUTING 


REVERSING SHUTTLE BELT CONVEYORS distribute coal to PECK CARRIERS have served power plants for more than 
widely spaced bunkers on both sides of main belt. Dust 50 years. Today, they still provide a dependable and eco- 
seal between discharge spout and bunker opening con- nomical means for elevating, conveying and distributing 
fines dust. both coal and ashes. 
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1. Barrel type 
boiler feed pumps 


2. Centrifugal compressors 


3. Centrifugal pumps 
for many services 
4. De Laval IMO pumps for’ 


fuel oil transfer 


5. De Laval IMO pumps for 


fuel oil burner service 


6. Multi-stage turbine 
generators 
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DE LAVAL 


Machines 
designs that stay in service 
for year in and year out 
dependability are the most economical. 


Since 1901, 

De Laval has supplied 
quality-designed pumps, 
compressors, and other 
vital equipment for the 
power industry. 

Each unit is designed 

for dependability and 
built by master craftsmen 
As a result, the De Laval 
name plate is your 
assurance of reliability. 


Literature is available 


on all equipment 


shown on these pages. 


DE LAVAL: 


815 Nottingham VW ay, Trenton 2 New Jersey 
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LN ROWLEY Editor 


B G A SKROTZKI Engineering and Management 
S M ELONKA 

H P KALLEN 

J J O'CONNOR 
R C BELLAS 

R H MARKS 

N PEACH 

A P SOMMER 

A S THORNTON 
C F MARSCHALEK Art Editor 
F A ANNETT Contributing Editor 


P W SWAIN Consulting Editor 


Operation and Maintenance 
Special Projects 

Managing Editor 

Assistant Editor 

Assistant Editor 

Assistant Editor 

Assistant Editor 

Assistant Editor 


DOMESTIC NEWS BUREAU: Atlanta, Cleveland, 
Detroit, Dallas, San Francisco, Washington 


WORLD NEWS OFFICES: London, Paris, Bonn, Tokyo, 
Beirut, Rio de Janeiro, Mexico City 


SHELTON FISHER Publisher 


N ROWLEY 
CLARK BOUGHTON 


Associate Publisher 
Sales Manager 


DISTRICT MANAGERS 
W R KLEIN, 500 Fifth Ave, New York 36, N Y 
J € DEAN, 500 Fifth Ave, New York 36, N. Y 
C R LONG, Architects Bldg, Philadelphia 3, Pa. 
tL W ROMIGH, 520 N Michigan Blvd, Chicago 11, III 
) S WENGER, 1510 Hanna Bidg, Cleveland 15, Ohio 
G Ll CRANE, Continental Bldg, St. Lovis 8, Mo. 
MH MILLER, 801 Rhodes-Haverty Bldg, Atlanta 3, Ga. 
£ & SCHIRMER, The Vaughn Bldg, Dallas 1, Texas 
R C ALCORN, 68 Post St, San Francisco 4, Calif. 
H L KEELER, 1125 W Sixth St, Los Angeles 17, Calif. 


W K PONDER Circulation Manager 


Power (with which are consolidated Science and Industry, The Engi- 
neer Review, The Engineer, The Stationary Engineer and Operating En- 
gineer) is published monthly by McGraw-Hill Publishing Company, Inc, 
James H McGraw (1860-1948), Founder. PUBLICATION OFFICE: 
McGRAW-HILL BUILDING, 330 W 42nd St, New York 36, N. Y. 
See facing page for directions regarding subscriptions or change of address. 

EXECUTIVE, EDITORIAL, CIRCULATION and ADVERTISING 
OFFICES: 330 W 42nd St, New York 36, N. Y. Donald C McGraw, 
President; L Keith Goodrich, Vice-President and Treasurer; John J 


How to get the most out of this issue 


This is the largest and, we believe, the most significant 
issue in Power’s long history. So you may get maximum 
benefit from the unusual wealth of editorial and product 
information presented in its pages, it has been carefully 
organized and bound for flat opening. 

Three stiff index pages. with fold-out tabs. divide 
the issue into 4 sections. You are now in the introductory 
section, pages | through 16. The first index page. with 
tab reading “Section A,” follows. It carries a detailed 
listing of both editorial and advertising contents for the 
introductory pages which precede the index page. and 
for the pages that follow. These pages are numbered 
from through A-160. 

The two remaining index pages are tabbed “Section 
B” and “Section C,” respectively. and the pages that fol- 
low them carry the prefix “B” and Each index 
page has a die-cut tab that you can push through and 
fold out. The tabs then project and make it easy for 
you to find quickly any specific item of interest. 

The editorial material in Section A covers the spec- 
tacular rise of the power services from 1882 to the pres- 
ent. Section B deals with the present and immediate 
future. including eight survey reports on trends in various 
segments of the power field. Section C, containing a 
special report on “Energy.” probes the distant future, 
And, tucked away modestly toward the rear of the issue. 
youll find a brief account of the development of Power 
—your business publication. 


Cooke, Secretary; Nelson Bond, Executive Vice-President, Publications 
Division; Ralph B Smith, Vice-President and Editorial Director; Joseph 
H Allen, Vice-President and Director of Advertising Sales; A R 
Venezian, Vice-President and Circulation Coordinator. 

Subscriptions are solicited only from executives, engineers and super- 
visory personnel engaged in design, operation and maintenance of power, 
light, heat and other plant services in utilities, construction firms, indus- 
trial and service plants. Position and company connection must be in- 
dicated on subscription orders. Send to address on facing page. 
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VOLUME 101 © NUMBER 9 © SEPTEMBER 1957 © PRICE FIVE DOLLARS 


The spectacular story of ‘Energy—U.S.A." .... 


Seventy-five years of power progress ......... 
The exciting story of the great tides of change that have swept the power field from 
the electrical revolution of the 1880°s to the nuclear revolution of today 

Milestones of power progress ............... 
Supplementing “Seventy-five years of power progress,” this chronology arranges in 
a convenient and time-saving form the names and events that mark power advances 

The power field today and tomorrow ......... 


What future changes will result from present power-field trends? The staff surveys 
listed below round up the thinking of manufacturers, consultants, plant designers 


Planning tomorrow's power-service systems .. 
Tomorrow's equipment for steam generation . 
Tomorrow's equipment for mechanical power 
Tomorrow's equipment for electrical systems 
Tomorrow's equipment for fluid handling .... 
Tomorrow's equipment for heat exchange 

Tomorrow's instrumentation and control 


Managing tomorrow's plants ........... 
Great hydroelectric plants of the world ........ 


Energy—the key to the future ...............000005 


In the years ahead. energy resources will be an ever more critical problem. Here. 
in graphic form, is the information you need to appraise. and meet, this challenge 


How three generations of Power editors have improved and expanded your publi- 
cation to keep pace with ever-growing information needs of the dynamic power field 


United States subscription rate for individuals in the field of the publi- SUBSCRIPTIONS: Send subscription correspondence and change of 
cation $4.00 per year, single copies $1.00, unless otherwise indicated. address to Subscription Manager, Power, 330 W 42nd St, New York 36, 
Canada; $6.00 for one year. Foreign; $15.00 for one year. Second-class N. Y. Subscribers should notify publisher promptly of any change of ad- 
mail privileges authorized at New York, N. Y. Printed in U.S.A. Title dress, giving old as well as new address, and including postal zone number, 
registered in U.S. Patent Office. ©. Copyrighted 1957 McGraw-Hill if any. If possible, enclose an adUress label from a recent issue of the 
Publishing Company, Inc, all rights reserved. magazine. Please allow one month for change to become effective. 

Power articles are indexed in both the Industrial Arts Index and the 


Engineering Index. Power publishes its own annual index, obtainable on 
request to the Editor. Notice of availability appears in Power. Postmaster: Send form 3579 to Power, 330 W 42nd St, N. Y. 36, N.Y. 
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PARTNERS IN PROGRESS 


On the occasion of a 75th anniversary, it is 
fitting for a publisher to view with a measure of 
pride his publication’s record of service to its 


readers. It is equally fitting to recognize and 
acknowledge the part played in this record by the 
publisher’s many partners—the companies who 
have advertised their products and services in 
these pages. 

For, in a unique way, publishing a technical 
magazine is a partnership: The editorial pages 
answer the question “How?” while the advertis- 
ing pages answer the question “What with?” And 
the income from advertising makes it possible for 
the publisher to provide an editorial service of 
scope and quality far greater than subscription 
income alone would support. 

This partnership in Power’s service to its read- 
ers has been unusually gratifying and fruitful 
from the very beginning. In their pages the ad- 
vertisers have presented a running picture of the 
newest and best equipment to put to work the ideas 
and advances recorded in the editorial pages. 
And the cooperation, confidence, and practical 
support of its advertisers over 75 years has made 
it possible for Power to achieve its high order of 


AO years and over 


Allis-Chalmers Mfg. Co. 1884 
Babcock & Wilcox Co. 1885 
Baldwin-Lima-Hamilton Corp. 1886 
A. W. Chesterton Co. 1885 
Combustion Engineering, Inc. 1884 
Erie City Iron Works 1886 
Garlock Packing Co. 1887 
Jenkins Bros. 1884 
Johns-Manville Corp. 1887 
Link-Belt Co. 1884 
J. E. Lonergan Co. 1885 


...00 years and over. 


Ames Iron Works, Inc. 1892 
Buffalo Forge Co. 1896 
Chapman Valve Mfg. Co. 1892 
Crane Co 1895 
Dearborn Chemical Co. 1892 
Dodge Mfg. Co. 1892 
Electric Storage Battery Co. 

Exide Industrial Diy. 1894 
Elliott Co. 1892 


technical journalism in the business-paper field. 

In leafing through the advertising pages of 
Power’s early years, one is struck by many fa- 
miliar names—-the names of corporations now 
great, then small and struggling. From modest 
beginnings-——not infrequently in a backyard shed 
housing an inspired engineer and a few me- 
chanics—they have grown to multi-million dollar 
corporations with factories across the nation, 
In their company histories they have lived out 
the phenomenal industrial growth characteristic 
of the past 75 years, growth based on the energy 
revolution recorded in the pages of this 75th 
anniversary issue. 

Many of these pioneer power-field companies 
began advertising in Power more than 70 years 
ago... many, or their successors, are still adver- 
tisers. We are pleased to record these long and 
successful partnerships in this “Roll of Honor.” 

Here, are only those companies who have been 
associated with Power for at least the past 35 
years. The index on pages C135, C136, C137 
includes those “newcomers” who will make the 
Honor Roll, we trust, on Power’s 100th Anni- 
versary. 


Manning, Maxwell & Moore Inc. 

Mason-Neilan Diy., Worthington Corp. 

Penberthy Mfg Co. 

Wm. Powell Co. 

Reliance Gauge Column Co. 

Skinner Engine Co. 

S. Morgan Smith Co. 

U.S. Gauge Div., American Machine 
& Metals 

U.S. Steel Corp. 

Westinghouse Electric Corp. 


Fairbanks Co. 
Fairbanks, Morse & Co. 
Fisher Governor Co. 
Foster Wheeler Corp. 
General Electric Co. 
Goulds Pumps, Inc. 
Jeffrey Mfg. Co. 
Lunkenheimer Co. 
Marsh Instrument Co. 
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Murray Iron Works Co. 

W. H. Nicholson & Co. 

Nordberg Mfg. Co. 

Ohio Brass Co. 

Okonite Co. 

Orr & Sembower. Inc. 

Raybestos Manhattan, Inc. 
Manhattan Rubber Div. 


00 years and over 


American Blower Corp. 

B-I-F Industries, Inc. 

Carey Mfg. Co., Philip 

Chicago Pneumatic Tool Co. 
Condenser Service & Engrg. Co. 
C. Lee Cook Company 

Darling Valve & Mfg. Co. 
DeLaval Steam Turbine Co. 
Detroit Stoker Co. 

Frick Co., Inc. 

Green Fuel Economizer Co.. Inc. 
Harbison-Walker Refractories Co. 


Paul B. Huyette Co. 


oct years and over 


Allen-Sherman-Hoff Co. 

American Engineering Co. 

Anchor Packing Co. 

Armstrong Cork Co. 

Armstrong Machine Works 

Babbitt Steam Specialty Co, 

Badger Mfg. Co. 

Bailey Meter Co. 

James G. Biddle Co. 

Bigelow Co. 

Blaw-Knox Co. Power Piping & Sprinkler Div. 
Boiler Tube Co. of America 
Bussmann Mfg. Co. 

A. M. Byers Co. 

Canton Stoker Corp. 

A. W. Cash Co. 

Chase Brass & Copper Co. 

Clarage Fan Co. 

Copes-Vulean Div. Blaw-Knox Company 
Coppus Engineering Corp. 

Crane Packing Co. 

Croll-Reynolds Engineering Co., Inc. 
DeLaval Separator Co. 

Deming Co. 

Diamond Power Specialty Corp. 

F W Dwyer Mfg. Co. 

Thomas A. Edison Industries 
Edward Valves, Inc. 

Electric Machinery Mfg. Co. 
Engineer Company 

Ernst Water Column & Gage Co. 
Flexible Steel Lacing Co. 
Flexitallic Gasket Co. 

Foxboro Co. 

B. F. Goodrich Industrial Products Co. 
Graver Tank & Mfg. Co.. Ine. 
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1896 
1893 
1890 
1890 
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1896 


1900 
1903 
1902 
1901 
1889 
1906 
1901 
1903 
1907 
1898 
1899 
1905 
1900 


1922 
1919 
1908 
1912 
1916 
1915 
1915 
1916 
1919 
1908 
1920 
1920 
1922 
1917 
1912 

1921 

1922 
1918 
1920 
1912 
1916 
1919 
1920 
1908 
1909 
1915 
1918 
1916 
1922 
1910 
1922 
1911 

1920 
1914 
1918 
1911 


Troy Engine & Machine Co. 
Union Iron Works 
Walworth Company 

Wickes Boiler Co. 

Thomas C. Wilson Ine. 


L. J. Wing Mfg. Co., Div. Aero Supply Mfg. Co. 


Worthington Corp. 
York-Shipley, Inc. 


Ingersoll-Rand Co. 
Jerguson Gage & Valve Co. 
E. Keeler Company 
Kewanee Boiler Div., American Standard 
Kieley & Mueller, Inc. 
Ohio Injector Co. 
Philadelphia Gear Works. Inc. 
Strong. Carlisle & Hammond Co. 
Titusville Iron Works Co. 

Div. of Struthers-Wells Corp. 
Henry Vogt Machine Co. 
Warren Pumps. Inc. 


C. H. Wheeler Mfg. Co. 


A. P. Green Fire Brick Co. 
Gruendler Crusher & Pulverizer Co. 
Hays Corp. 

Hill Pump Valve Co. 

International Nickel Co., Inc. 
Irving Subway Grating Co., Inc. 
Joy Mfg. Co. 

Keasbey & Mattison Co. 

Koppers Co. 

Laclede Stoker Co. 

A. M. Lockett & Company, Ltd. 
National Airoil Burner Co., Inc. 
National Tube Div. U.S. Steel Corp. 
Peerless Pump Div., 

Food Machinery & Chem. Co. 
Pennsylvania Flexible Metallic Tubing Co. 
Pennsylvania Pump & Compressor Co. 
Permutit Co. 

Perolin Company, Inc. 

Pittsburgh Piping & Equipment Co. 

Powers Regulator Co. 

R-P & C Valve Div.. Am. Chain and Cable Co. 
Republic Flow Meters Co. 

Ric-Wil Inc. 

Riley Stoker Corp. 

Ross Heat Exchanger Div., American Standard 
Roto Div., Elliott Co. 

Sarco Co., Inc. 

C. E. Squires Co. 

Stephens-Adamson Mfg. Co. 

Sun Oil Co. 

Taylor Instrument Companies 

Terry Steam Turbine Co. 

Todd Shipyards Corp. Products Div. 

United States Rubber Co. (Mech. Goods Diy) 
Yarnall-Waring Co. 
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removing contactor or arc boxes 


Westinghouse 


high-voltage starters with 


Type H air-break contactors 


AMPGARD is delivered completely factory wired and assembled . . . just make 

the line and load connections . . . and you're in business. No need to wire up and 
assemble separate contactor units. The stationary Westinghouse contactors 

are easily accessible for inspection or service. Arc boxes of the Westinghouse AMPGARD 
starter can be quickly and easily tilted forward with one hand... leaving the contacts 
exposed and easy to reach. No need to disassemble and remove 

heavy, awkward arc boxes to make regular checks or perform routine service. 
Westinghouse starters combine ease of service with complete, proven 3-way 

protection: system fault protection, motor protection and personnel protection. For 

all the facts about AMPGARD call your Westinghouse sales engineer or write 


Westinghouse Electric Corporation, P.O. Box 868, Pittsburgh 30, Pennsylvania. 


*Trade Mark 
J-22026 


you CAN BE SURE...iF its Westinghouse 


In the Type H air-break con- 
tactor, powerful dual blowout 
coils get arcs off the solid copper 
contacts and into the are boxes 
immediately. There they are split, 
stretched and cooled between 
zircon refractory plates for un- 
equaled are quenching action . . . 
much longer contact life and 
trouble-free operation. 
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Powell Valves in one of 
the country’s newest and 
largest Power Plants. 


Large 1500-pound 
Pressure Seal Gate 
Valve with Electric 
Motor Operator for 
Operation by 

remote control. 


12 


Pressure Seal Steel 
Lift Check Valve for 
1500 pounds. Pressure 
Seal Check Valves for 
900 pounds pressure 
are also available. 


Small Integral Bonnet (one-piece) 
Valves are made in Globe, Angle 

and “Y" patterns, 4” io 2” for 
1500 and 2500 pounds, socket 
weld ends. Valve shown 
is a 1500-pound 


Pressure Seal Steel Gate 
Valve for 900 pounds. Powell 

Pressure Seal Valves are 
available for 600, 900, 
1500 and 2500 pounds. 


900-Pound Steel Pres- 
sure Seal Non-return 
Globe Valve. Equipped 
with Spur Gears for 
easier operation. 
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long-lived, dependable... 
POWELL VALVES 


Long before the first issue of POWER was published, Powell started making 
valves—I11 years ago. 

This specialized manufacturing experience—the “know how” acquired by Powell 
Engineers through years of solving difficult flow control problems—high grade 
materials of construction—advanced job-proven designs—precision machining by 
skilled workers using modern methods—constant laboratory quality control—these 
are reasons why when you install Powell Valves you can be sure of the utmost in 
service with least amount of maintenance. 

And—there’s a Powell Valve for your every flow control requirement—whether 
for handling water, oil, gas, low and high pressure steam, corrosive fluids. Gate, 
globe, angle, check, ““Y”’, relief, flush bottom tank, and lubricated plug valves are 
available in bronze, iron, steel and corrosion-resistant metals and alloys—all in a 
wide range of sizes and for various pressures and temperatures. 

Consult your Powell Valve Distributor. If none is near you, write 


Bronze ‘Full Flow’ Globe Valve for ‘ey 4 3 THE WM. POWELL COMPANY 


ds WSP. Nominal size 
Dependable Valves Since 1846 
opening through the valve and extra 


high lift of disc make possible fuller Cincinnati 22, Ohio 
flow with minimum pressure drop ~ 
and turbulence. 


Bronze Gate Valve for 200 Large 125-pound Iron Body 
pounds WSP. Inside screw Bronze Mounted Swing Check 
rising stem. Interchangeable Valve. Valves for 250 pounds 
solid or split wedge discs. are also available. 


Steel Bolted Bonnet Gate Valve for 300 Bi Large Iron Body Bronze Mounted 
pounds. Outside screw rising stem and 0.S. & Y. Gate Valve for 125 
yoke. These valves are available for 600-pound Steel Swing Check pounds. Can be supplied with 
pressures from 150 through 1500 pounds. Valve. Heavily bolted cap. solid or split wedge discs. 
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Chesterton Packings are proud 


one the original 


advertisers Power 


Chesterton is one of the ten 
remaining advertisers who 
appeared in the original 

issues of Power. 

To our knowledge 

we are the only company where 
the original family 

ownership carries on. 

Over Power’s 75 years, 
Chesterton has become 

a world wide organization 

with over 500 major distributors 
throughout the United States, 


Canada and 38 foreign countries, 


BELT DRESSINGS GAUGE GLASSES 


CHESTERTON CHESTERTON CHESTERTON CHESTERTON 
BELT-FLO SPRAGRIP CHESTERTON GAUGE GLASS CUTTER RUSTSOLVO SPRASOLVO 


4° 
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CHESTERTON PACKINGS 
FOR STEAM 


CHESTERTON PACKINGS 
FOR ALL CHEMICALS 


CHESTERTON PACKINGS 
FOR PETROLEUM 


A. W. Chesterton Co., Everett 49, Mass. 


CHESTERTON PACKINGS 
FOR HYDRAULICS 


BOILER TUBE CLEANERS CUTTING OIL and Chesterton Sheet Packings 


for all services 


NEW CHESTERTON AUTOMATIC 
ALUMINUM TUBE BLOWER 


CHESTERTON TUBE SCRAPERS CHESTERTON DCS 
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Behind the din 
of the powerhouse 
a whispered battle rages 


Coal versus steel. Coal—ton after ton after ton of it— 
rubbing, pounding, tearing at the steel in your chutes 
and hoppers. Every day, a little steel is rubbed away. 
You can’t hear it go; you can hardly measure the 
amount; but each tiny loss brings you closer to a 
major repair. 

You can postpone that repair—and cut its cost—if 
you use USS “T-1” Steel at points of severest service 
in your coal-handling system. 

“ You can order USS “T-1” Steel quenched and 
i tempered to 321 minimum Brinell for maximum re- 
sistance to impact-abrasion. In this condition it en- 
sures the durability to minimize maintenance and 
repair costs. 

Or, you can order USS “T-1” Steel quenched and y 
tempered to 90,000 psi minimum yield strength for 
use in towers, bins and many supporting structures 
requiring both bars and fabricated plates. ‘““T-1” 
Steel’s high yield strength often permits reduction in 
thickness of steel used, cutting weight, welding and 
even foundation costs. 


And no matter which condition you specify, USS 
“T-1” Steel offers the plus advantage of being weld- 
able without pre- or post-heating—unique in a steel 
so strong and tough. Its weldability means on-the-spot 
fabrication at minimum cost. 

Remember, too, that USS ““T-1” Steel stays tough 
and ductile even at temperatures far below zero. Con- 
sider it for new installation or repair of hoppers, 
chutes, ducts, and structural supports—indoors or out 
—where you want to reduce weight or improve per- 
formance of equipment handling dry coal. 

Write for our new booklet on this remarkably versa- 
tile constructional alloy steel. United States Steel, 
525 William Penn Place, Pittsburgh 30, Pennsylvania. 


UNITED STATES STEEL CORPORATION, PITTSBURGH 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. 
UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS, COAST TO-COAST 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


4 
t 
oe Other well-known USS steels for coal-handling systems are USS Stainless, USS Cor-Ten, USS Tri-Ten, USS Man-Ten and USS A-R steels. . 
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The trademark of The Babcock & Wilcox 
Company 


Symbol of man’s early research for means to harness energy, 
Hero’s engine most fittingly forms the basis for the trademark 
of The Babcock & Wilcox Company. 

First described by Hero of Alexandria in his Pneumatica 
about 150 B.C., this ancient model consisted of a hollow sphere 
supported over a caldron, or boiler, by two trunnions, one of 
which was hollow. This hollow trunnion connected the interior 
of the sphere with the steam space in the caldron. To provide 
an opening to the atmosphere, two small pipes, open at both 
ends and bent at right angles, were inserted at opposite poles 
of the sphere. 

When heat was applied to the caldron, the steam generated 
passed through the hollow trunnion to the sphere and thence 
into the atmosphere through the two pipes. The steam, in 
escaping through these pipes, caused the sphere to rotate as 
a primitive reaction turbine. 

The search for better ways to harness energy begun in those 
ancient times still goes forward, bringing man new victories 
in his struggle to rise above his purely physical limitations. 
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The B&W Story 


1867-1957 


Nearly a Century of Leadership 
in the Continuing Search for 


Economical Energy 


The entire history of The Babcock & Wilcox Company has 
been one of solving problems involved in man’s age-old 
quest — to master his environment and obtain release from 
physical drudgery. 

In this contest B&W emerges as a typical American insti- 
tution, developing out of the free play of mechanical genius, 
initiative, perseverance and enterprise. Responding to and 
often anticipating the needs of their time, B&W customers 
and employees have made major contributions to the power 
industry and thereby to national well-being. 

The B&W story begins after the Civil War as a reunited 
America directs itself to becoming an industrial nation — 
the greatest the world has known. In its span of history, 
B&W has contributed to every era in American power 
progress. 

The Company came into being in 1867, to manufacture 
and market a boiler of greater power and safety; it supplied 
boilers to the first electric central stations in 1881 and 
1882, and has been intimately associated with that industry 
ever since; it helped energize America on the land and on 
the sea, as she grew to a world power in the early decades 
of the 20th century; it paced America through the heydays 
of the °20’s and paused to devote itself to much study and 
research during the doleful ’30’s; it emerged in the °40’s 
with new developments to supply America with power for 
defense and victory; after the war it turned quickly to sup- 
plying vast amounts of equipment needed to help keep 
the nation from faltering in her greatest era of economic 
expansion while at the same time it drew on its experiences 
of the past to help bring the newest form of power — nuclear 
energy — to practical usage. 

Babcock & Wilcox is a diversified company. It grew out 
of, and still basically is, a steam power company, but it now 
serves a broad range of American industrial production. 

Here’s the B&W Story! 
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The growth of American technology — begun in the early 
1800’s with the use of steam power in transportation 
and manufacturing — went forward after the Civil War at 
a rate never before equaled. 
By the middle of the 19th century in America, the use 
of steam power in mills and factories was general. The most 
common source of steam was the “shell” and later the “fire- 
tube” boiler. This early shell boiler was little more than { 
a kettle filled with water and heated at the bottom, and the 
firetube had many of the shell type’s disadvantages. The 
inefficiency, and often the dangers, of this type of steam 
generation had long been recognized. An alternate method, 
the “water-tube” boiler design, prompted work by many, 
seeking its greater efficiency and safety. Stephen Wilcox in 4 
1856 proposed a major advance. His design incorporated | 
inclined water-tubes connecting water spaces at the front 
and rear, with a steam space above, allowing better water 
circulation and more heating surface. Of even greater im- 
portance, he had developed a boiler which was inherently 
safe. 
What the proponents of the water-tube principle had 
done was clear the way for the modern era of large high- 
pressure and high-temperature steam power plants. Tubes 


al for water and steam are small and their thickness does not 
Undershot and overshot 
have to be excessive even at extremely high pressures. The 
during the first half of the 19th century. boiler capacity is readily increased by making tubes longer 


and adding more of them. Drums can be held to reasonable 


: dimensions and protected from excessive heat. 
Leather belts and cotton spindles 


By 1850 mills like these were processing over 
half a million bales of cotton while inefficient 
steam engines and water wheels strained to keep 
gears, belts and bobbins turning. 
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1 Bindustrial America 
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Water-tube Boiler 


Water-tube vs. Firetube Boilers 


In the firetube boiler, the hot gases and heat of the fire 

go through the inside of the tubes and transmit heat to the 
water which is outside of the tubes. In the water-tube boiler 
the reverse is true, the flame is outside of the tubes and 
transmits heat to the water which is inside the tubes. 

The maximum design pressure and capacity of a firetube 


boiler are restricted by practical limitations on the 
and thickness of the shell. 


size 


George Babcock 
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The First Babcock & Wilcox Boiler—1867 


A new hope for greater steam power 


Babcock and Wilcox become partners in 
Power Engineering 


In 1867, the patent for the original Babcock & Wilcox 
boiler was granted to George Babcock and Stephen Wilcox, 
and the partnership of Babcock, Wilcox & Company was 
formed. The first boiler was built by the partners at the 
Hope Iron Works in Providence, Rhode Island, because 
they had no manufacturing facilities of their own. It was 
built to operate at 50 pounds pressure and 50 horsepower. 
Although this boiler was sold that year to Carpenter & 
Cross of Providence for Valley Worsted Mills, it was not 
until a year later that another boiler was sold — this one to 
Chase & Company in Pleasant Valley, Rhode Island. In 
time, however, the drive for higher capacity and safety 
created a continuing demand for B&W boilers. 


Stephen Wilcox 
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1876 Centennial Exposition—Philadeiphia 

An avid public gets a first look at many of the industrial 
inventions that were to change the face of the nation, 
including the mammoth Corliss engine shown above. 


B&W Centennial Boiler—1876 

On display with other wonders of industrial 
development, the B&W Centennial boiler won high 
exposition honors, a feat later duplicated in the 
B&W exhibit at the Chicago World's Fair in 1893. 
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B&W Incorporation Papers—1881 
In 1881, The Babcock & Wilcox Company 
was incorporated ...a date which 
coincidentally marks the beginnings of 
America’s central power stations 
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Energy on Display -— 1876 Centennial 
Exposition — Philadelphia 


It wasn’t until 1876 at the Centennial Exposition in 
Philadelphia that the Babcock & Wilcox boiler came to 
national attention. The cost of exhibiting at the exposition 
was a serious matter to the young firm. Yet the two men 
put their faith in their product and built a boiler of full size 
and shipped it to the show. 

The general public, only remotely aware of the great bs 
strides taken in mechanical invention, was awed by the i 
size and power of the Corliss engine which weighed 600 
tons and had cylinders 3 feet in diameter. They could = 
hardly foresee that this great size was to spell the doom of " 
the steam engine and that, with the introduction of more 
efficient prime movers, would add impetus to the further 
development of the B&W boiler, also among the momentous Ss 
displays at Philadelphia. This 150-horsepower boiler would Dy 
have been able, operating at the usual pressure of the day, a 
100 pounds, and with an engine of average efficiency, to : 
supply electricity for about 16 modern homes. 

During the next 10 years, development of the boiler con- 
tinued with great vigor. Drums were substituted for the nest 
of cast iron tubes originally used for steam and water stor- 
age, and steel replaced cast iron for the generating tubes. 
In about 1888, B&W improved drum construction by 
changing from wrought iron to steel plates. 

It is an interesting coincidence that the birth of the elec- 
trical age in 1881 and the incorporation of The Babcock 
& Wilcox Company in New Jersey, with Babcock as presi- 
dent, occurred in the same year. From the first central 
stations in America — Philadelphia’s Brush Electric Light 
Company Station and New York City’s Pearl Street Station 
— the fortunes of B&W have been linked to the power field. 


B&W Boilers in Sugar Mills 


Sugar refineries were prior to development of 


central power stations, among the foremost 
users of B&W boilers. This row of boilers was 
supplied to a sugar refinery in 1874. 
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Boiler for Brush Electric Light Company, 
Philadeiphia—1881 


Four 73-horsepower B&W boilers were 
installed by the pioneering Brush Electric 
Light Company in its first station in 1881 
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Power promotes the growth of the city 


When Thomas A. Edison, in a white, high-crowned 

‘derby, threw the switch at the Pearl Street Central Station 
on September 4, 1882, he ushered in the “age of the cities.” 
On that day, with four Babcock & Wilcox boilers generat- 
ing steam energy for the manufacture of electricity, electric 
lighting became a practical reality. 

The history-making station opened with 59 customers, 
using about 1,300 lamps. The Babcock & Wilcox boilers at 
the installation daily consumed five tons of coal and 11,500 
gallons of water. 

These boilers remained at the Pearl Street Station until 
1894 where they were in constant use under very severe 
conditions. That year they were removed and put into serv- 
ice at the Edison 53rd Street Station, where they continued 

in service until 1902. 


Edison Endorses B&W Boilers 


Edison endorsed these boilers to a friend 
— 2 ; in his own handwriting on a B&W letter as 
—‘‘the best boiler God has permitted man 
yet to make.” 
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B&W Boilers Powered New York’s First Electric Station—1882 
Model of the Edison Electric liluminating Company's 
Pearl Street Station preserves landmark in electrical history 
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But there were other needs for electricity. As cities ex- 
panded in size, real estate values shot up. New engineering 
materials and the development of the elevator made it pos- 
sible for higher buildings to be constructed. Electricity 
generated by steam took the man to his desk with the same 

facility that it lighted his work. 

sy With the consolidation of business enterprises in the 
middle of cities, housing areas were pushed further and 
further toward the outskirts of population centers. The elec- 
tric trolley, which had played a minor role in American 
life until this time, now entered more strongly upon the 
scene. And in hundreds of cities throughout the country 
the electric trolley clanged its way through vacant lots to 
create suburbia. A passenger, if he were so perversely in- 
clined, could ride in electric trolleys all but 40 miles of the 
way from New York to Chicago. The trolley intensified 
demands for electricity for movement . . . and central light- 
ing stations matured into central electric power dispersing 
stations as the uses of electrical power broadened to en- 
compass other phases of American life. 


European Expansion 


Coincident with B&W’s entry in central power station 
development, steps were taken to expand abroad. In 1881, 
Nat W. Pratt, who was to become the Company’s second 
president in 1893, went to Europe. He used his extensive 
knowledge of American sugar refining processes to sell 
B&W boilers to the process industries of Europe. The first 
boilers for foreign trade were made in the plant of the 
expension upwerd and the electric trolley Singer Manufacturing Co. at Glasgow. Branch offices were 
which created expansion outward to suburbia successively opened in London, Paris and Brussels. The 
overseas boiler business grew rapidly, and in 1891 was sold 
from New York to Chicago. to Babcock & Wilcox Limited, a British company organ- 
ized to acquire this overseas business. 
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The two way stretch of urban development 
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B&W Boiler for Yacht REVERIE—1889 


Success of this boiler was important in 


the acceptance of B&W Marine boilers 


USS MARIETTA — 1896 


installation of Reverie type boiler in this U.S. Navy vessel 
and two others marked beginning of B&W leadership in Navy boilers 


B&W Boilers provide more efficient 
Marine Power 


B&W contributions played an important role in estab- 
lishing the ascendency of steam power in both the Ameri- 
can Navy and merchant marine. 

Participation in this nautical evolution was begun in 
1875 with the installation of a marine boiler on the S.S. 
Monroe for the Quartermaster Department of the Army. 

In 1889, a boiler was installed in Stephen Wilcox’s steam 
yacht Reverie. This design received considerable and favor- 
able attention and in 1896 was ordered for the United 
States naval vessels Marietta, Annapolis and Chicago, and 
many ships in England. These orders marked the begin- 
ning of B&W’s leadership in this field. 

These early successes culminated in the Alert design 
of 1899. In this installation, the firing end of the boiler was 
reversed, placing the firing door in what had been the rear 
wall of the boiler. The furnace was thereby enlarged in 
the direction in which combustion took place, leading to 
greatly improved combustion conditions. 

In 1898, E. H. Wells succeeded E. H. Bennett, who 
served during the year 1897, as the fourth B&W president. 
He was to hold this position for the next twenty years, 
guiding the Company in constructive growth and expan- 
sion in all phases of its operations. 


aM. 8 Reverie type boiler was followed 
a by this design—an important 


design change. 


Boiler for Navy Cruiser ALERT—1899 
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-1920 


Energy for America as a New World Power 


At the turn of the century industrial accomplishments 
on a vast scale had placed the United States among the 
world powers. Now the wheels of American industry 
turned faster, improving our own standards of living, while 
supplying other countries. The increasing need for tech- 
nical knowledge raised the number of students enrolled 
in colleges from 114,000 to nearly a quarter of a million 
between 1900 and 1914. 

Aggressive expansion became the hallmark of American 
industry. And B&W, pioneering in its special field of steam 
generation, provided its boilers to the first public utility 
station to be equipped throughout with steam turbines; 
installed boilers in the power stations of the first New York 
subway; and introduced its then-advanced 350-pound 
pressure power boiler. It also undertook notable acquisi- 
tions and important diversifications. Until 1901, B&W 
boilers were built in the plant of the Singer Sewing Ma- 
chine Co., but in 1901 the first B&W plant, the Bayonne 
Works, Bayonne, N. J., was put in operation. 

Special equipment was installed at Bayonne for the 
manufacture of forged steel headers. These sinuous-shaped 
collecting headers at the ends of the tube rows provide a 

staggered tube arrangement, an important feature of B&W 


A major stride in B&W growth was taken in 1901 boiler design 
with the opening of the Bayonne, N.J., Works , 


Forged Stee! Sectional Header—1901 
An important feature of B&W 
boiler designs was the forged steel 


sinuous sectional header 
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The turbine principle 


The Steam Turbine-—a new avenue to 
economical power 


Until 1900, further increase in steam pressures was re- 
stricted by the limitations of the reciprocating steam engine. 
With the increase in world trade and demands for more 
products, industry searched for an efficient alternative to 
reciprocating engines. Fortunately, the state of the art of 
steam generation was sufficiently advanced to be ready for 
the new power age introduced by the turbine. 

The steam turbine rapidly gained importance as the 
major steam-powered source of rotary motion. It offered 
low-cost maintenance, greater overloading tolerance, fewer 
moving parts, and smaller size, which were only a few of 
the major advantages of the turbine over the reciprocating 
engine. 

In 1902, B&W boilers were sold to supply steam for the 
first public utility plant to be equipped entirely with steam 
turbines — Fisk Street Station of Commonwealth Edison 
Co., Chicago. Eight 508-horsepower boilers, the largest 
built by B&W at the time, operating at 180 pounds pres- 
sure and a temperature of 530 degrees, powered each of 
the three 5000-kilowatt turbines first installed. The total 
electricity generated would supply about 40,000 modern 
homes. The station was a success and proved beyond a 
doubt the feasibility of large turbine units. 


interest acquired in A. M. Lockett & Co. 


In 1903, B&W acquired an interest in A. M. Lockett & 
Co., an engineering sales organization, for the purpose of 
furthering boiler sales in the South and Southwest. 


First B&W 350-pound pressure boiler—1915 
This 350-pound pressure boiler is typical 

of design advances made during the period 
With a pressure of 350 pounds and a tem 
perature of 660 degrees, the superheated 
steam made in this boiler was capable of 
supplying steam to generate 
electricity for 13,000 modern homes 
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Plant at Barberton, Ohio, acquired in 1906 with 
Stirling Consolidated Boiler Co. 


This plant, 65-acre site, and production facilities became 
an important part of B&W production capacity 
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Stirling Consolidated Boiler Company 
acquired — 1906 


In 1906, five years after the opening of its Bayonne 
plant, B&W purchased the Stirling Consolidated Boiler 
Company, with its plant at Barberton, Ohio, occupying 
65 acres. This acquisition initiated the production of B&W 
bent-tube boilers. This design had particular value in 
installations in low headroom conditions. The continuous 
and economical production of clean, dry steam, even when 
using poor feedwater, and the ability to meet sudden load 
swings also characterize the Stirling type boilers. By 1906, 
Stirling boilers had been built in sizes up to 823 horse- 
power and 300 pounds pressure, or 40 times more power- 
ful than the B&W boiler of 1867. 

The purchase of the Rust Boiler Company in 1909, and 
the consolidation of its facilities with those at Barberton, 
not only added to production capacity, but also augmented 
engineering talent and product designs. 


Stirling Boiler of 1906 
Stirling boiler showing bent-tube istruction, first BAW 


departure from its bas straight 
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Rolling Mill of Pittsburgh Seamless Tube Company 


At about time it was acquired by B&W 


Plant of Pittsburgh Seamless Tube Company 
in early 1900's 

Acquired in 1904, this plant in Beaver Falls 
became the site of many important tubing 
and metallurgical developments 


Boiler production demands specialized 
tubing — Pittsburgh Seamiess Tube 
Company acquired 


The direction of boiler development had intensified 
B&W’s search for new and more economical tubing. In 
particular, B&W desired a “hot-finished” seamless steel 
tube which would give good service and be stronger and 
more reliable, yet cost no more than the charcoal iron tubes 
they were then using. The Pittsburgh Seamless Tube Com- 
pany, Beaver Falls, Pennsylvania, was acquired in 1904 to 
help solve the problem. 

Boiler tubes required a relatively light wall thickness as 
compared with the available hot-finished tubes of the day, 
which had a fairly heavy wall and could only be made into 
light wall tubes by an unreasonable amount of subsequent 
rolling or cold drawing. The tube mill at the Beaver Falls 
plant was revamped, existing machinery rearranged, and 
additional equipment installed to adapt the plant to the 
manufacture of four-inch diameter hot-finished seamless 
steel boiler tubes with the required wall thickness. The 
operation was a success and the tubes were among the first 
commercial hot-finished seamless boiler tubes produced in 
the United States. 

So it was from this period that B&W marks its participa- 
tion in the tube industry — a participation which has built 
up logically and cumulatively into today’s extensive opera- 
tions. 

For almost the first thirty years of its existence the tub- 
ing industry had little use for alloy steels. Except for 32 
per cent nickel steel, which had been the major alloy used 
in bicycle construction in 1895, no other developments had 
been made beyond high-carbon and low-carbon steels. As 
a result of a constant search for improved tubing, in 1920, 
B&W began first experiments on the piercing of Monel 
metal in conjunction with the International Nickel Com- 
pany. 

During this period, improvements in operations led to 
extensive plant changes. The construction of a model labo- 
ratory and a patented continuous-type annealing furnace 
was undertaken as part of a program of scientific quality 
control and research into new markets for new products. 
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Emergency Fleet vessel of World War |! 
is powered with B&W Boilers 


In addition to over 500 naval boilers 
B&W produced about 1000 merchant 
units for the emergency fleet 


1901-1920 


Power Progress in a time of Crisis 


The importance of earlier B&W marine boiler improve- 
ments were realized during World War I. The improved 
Alert type boiler — fitted with 4-inch tubes and equipped 
to burn oil — by then widely adopted in merchantmen and 
Great Lakes vessel service, went to war in the emergency 
fleet vessels. Likewise the weight and space advantages of 
the B&W three-drum boiler, first installed on the de- 
stroyer Mayrant in 1909, proved invaluable in powering 
Navy destroyer fleets of World War I. This crucial time 
saw the first mass production of boilers. The innovation of 
the B&W shop assembly technique, started in 1909, con- 
tributed greatly to production records in equipping naval 
and merchant ships during this pressing war period. 

B&W boiler construction during the war was not lim- 
ited to the maritime alone. B&W stationary boilers pro- 
vided power for industries producing all types of war 
materials. 

Research, too, went forward, solving problems in caustic 
embrittlement aggravated by higher pressures. It was dur- 
ing these years that economizers were first manufactured. 
An important aid in boiler efficiency, this development 
consists of a bundle of tubes located in the flue gas stream 
flowing from the boiler to the stack. Boiler feedwater pass- 
ing through the economizer absorbs heat which would 
otherwise be wasted, before entering the boiler. 

It was most fitting that at the end of this World War I 
period, W. D. Hoxie, long associated with marine boiler 
development, was elected the fifth B&W president. He 
was to serve in this office until his untimely death in 1924 
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Energy for the new Industrial Giant 


50% of World Electrical Power 


80% of World Automobiles 


80% u.s.a. 


Too often the 20's are associated with dramatic but mis- 
leading symbols — the stock ticker, the rum runner and 
the raccoon coat. However, more enduring and significant 
developments took place in the realm of American indus- 
try. Of these, the ready availability of power was doubt- 
lessly a major factor in sparking an unprecedented national 
prosperity. America was now using nearly as much elec- 
tricity as the rest of the world put together. Her developing 
power resources were a tremendous factor in making 
possible American economic leadership: 61 per cent of all 
the telephones in the world were to be found in the United 
States; out of 27,500,000 automobiles in the world, 
22,000,000 were American owned. 

The growth of national power capacity to meet the vari- 
ous needs of industry stimulated the development of a 
range of boiler equipment, accessories and controls. B&W 
initiated its refractories production for the manufacture 
of heat-resisting materials and pushed forward its diversi- 
fication program through affiliation with companies in 
different but related lines. 

In 1924, A. G. Pratt, B&W’s sixth president, assumed 
direction of the Company for a long and successful tenure 
lasting through 1948. 


61% of World Telephones 


@1% vu.s.a. 
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1921-1929 


Steam Generation reaches new plateaus 


The ever-expanding needs of industry and the home 
for more electrical power resulted in rapid developments 
in central station design, especially in the increasing use 
of higher steam pressures and temperatures. Since the 
efficiency, or the amount of electricity produced per pound 
of coal, of a steam-electric generating station is directly 
related to the pressure and temperature of the steam, a 
continuing determined effort has been made to design 
equipment for ever-higher pressures and temperatures. 
Boilers were soon supplying steam at pressures that would 
have astounded men at the Philadelphia Centennial not 
50 years before. A B&W boiler designed for 650 pounds 
pressure was ordered by the Ohio Power Company for 
its Philo Station in 1922. The great success of this design 
is attested to by the fact that forty-two of these boilers for 
this pressure were specified by public utilities during 1923 
a and 1924. 

Me: A new pressure high was reached even before Philo 

2 df x went into service at what is now the Edgar Station of Boston 

1920 "21 "22 '23 '24 "25 "26 27 "28 1929 Edison Company. A boiler unit was ordered in 1923 and 

aes Pe went into operation in 1925, supplying steam at 1200 

pounds pressure at a temperature of 700 degrees. This was 

the first central station to use steam pressures above 650 

pounds commercially. By the end of the decade, develop- 

ments were to result in boilers operating at 1400 pounds 
pressure and temperatures of 750 degrees. 

As a result of these improvements, only about half as 
much coal was required per kilowatt hour in 1929 as in 
1921. 


Steam Pressure 


Pounds of coal per kilowatt 


Effect of Higher Pressures and Temperatures 


If 100 Pound Pressure Saturated Steam does this much work 


Pressure Saturated Steam will do more work. 


1200 pound 


With steam initially at 1200 Pounds and at 1000 degrees by one stage of resuperheat 
to 1000 degrees at an intermediate pressure more work will be done. 
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Pulverized coal firing water-cooled furnace 
Coal is pulverized as fine as talcum powder 
in pulverizer at left and blown into 
water-cooled furnace through openings 

in the walis, where it ignites 


and burns efficiently 


Pulverized coal and water-cooled 
furnaces — Fuller Lehigh Company and 
Bailey Meter Company acquired 


Major changes in boiler design and construction oc- 
curred in the late ’20’s. Previously, as individual elec- 
tric generating stations increased in capacity, the practice 
had been merely to increase the number of boilers. This 
procedure now proved to be uneconomical due to duplica- 
tion of parts involved and, instead, the individual boilers 
were built larger and larger. Soon, however, the size be- 
came such that existing furnace designs and methods of 
coal burning, such as stokers, were no longer adequate. 

In so far as fuel burning was concerned, the develop- 
ment of pulverized-coal firing provided the answer. When 
coal is ground to the fineness of talcum powder and mixed 
with air, it is possible to get more heat out of it. It also has 
other advantages over other coal-firing methods. 

While following its general policy of the study and use of 
all fuels available for the economical generation of steam, 
B&W recognized that coal was the most universally avail- 
able and abundant. In the °20’s, it adopted the new pul- 
verized-coal method for boiler firing. The purchase of the 
Fuller Lehigh Company in 1926, with its designs and man- 
ufacturing facilities for pulverizers and other equipment, 
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The Type H Stirling Boiler 


Shown in cross-section above and a typical 


installation below 


1921-1929 


enabled B&W to offer a complete pulverized-coal-fired unit 
of its own manufacture. 

The larger boilers, and particularly the use of pulverized 
coal as fuel, brought on the necessity of a new furnace con- 
struction. The new, larger units with the higher heat release 
rates and greater wall heights placed firebrick at a great 
structural disadvantage, and the use of pulverized coal 
caused further difficulties because fused ash caused deterio- 
ration of the brickwork through erosion. 

B&W early started studies to overcome these problems. 
One approach was water-cooling of furnace walls, which 
led in 1925 to the acquisition of the Bailey Meter Com- 
pany, with its designs for water-cooled furnaces. 

In the water-cooled furnace, some of the tubes forming 
the circulation system of the boiler are extended down- 
ward along the walls of the furnace. There they are in the 
active combustion zone and the water absorbs the intense 
heat resulting from the burning of the pulverized coal. The 
circulating water cools the wall and at the same time the 
absorbed heat generates steam. 

The first installation of a Bailey Water-Cooled Furnace 
Construction was made at the Lake Shore Station of Cleve- 
land Electric Illuminating Company in 1924. The success 
of this installation led to many others for partial and com- 
plete water-cooling, in which they eliminated the early 
brickwork maintenance problems. In addition, they per- 
mitted greater capacity in less space by having much of the 
heat-absorbing surface in the furnace. By cooling the gases 
before they enter the boiler bank or superheater, the water- 
cooled walls also reduced other operating problems. 


New industrial boiler designed 


The Type H Stirling Boiler was introduced in 1929 to 
answer the needs of industries for a relatively small water- 
tube unit for installation where headroom is limited. It is 
particularly suitable for industrial power plants, for process 
steam requirements and for heating purposes. 
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First Refractories Plant—1921 
This former tile plant at East Liverpool, Ohio, was 
purchased by B&W in 1921 to set up a pilot 


operation for making refractories 


New Refractories serve industry 


In addition to the water-cooled furnace approach to the 
problems associated with the introduction of larger boilers, 
mentioned in the previous pages, B&W also launched an 
extensive study in better refractory materials. Commer- 
cial refractories then available did not meet the increased 
requirements. In its special refractory laboratory, B&W 
experimented with raw materials from all over the world. 
The research proved that one of the satisfactory materials 
available was Kaolin, a white clay of a high degree of 
refractoriness, purity and uniformity. After the properties 
of this alumina-silica substance were fully tested under 
severe conditions, B&W placed the first B&W 80 Firebrick 
on sale in 1922. 

The 80 Firebrick had its first market curtailed as water- 
cooled boiler furnaces gradually became the more accepted 
design. However, the notable qualities of the 80 Firebrick 
were soon put to work in the furnaces of the petroleum, 
chemical, glass and steelmaking industries, in addition to 
those of industrial and marine boilers. 


Installing 80 Firebrick—Used in industrial and marine boiler furnaces. 
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Ivanhoe Road Plant of Bailey Meter—1927 


The Ivanhoe Road Plant of the Bailey Meter Company, 
Cleveland, Ohio, was purchased in 1927. 


instrument panel—Boiler Control System—1929 


Instrument panel for complete boiler control system 
for a typical central station boiler of the time. 


One of the first Bailey Boiler Meters 


Bailey Boiler Meter indicated and recorded steam 
flow and air flow on the same chart 


Scientific power generation calls for 
instrumentation-—the Bailey Meter Company 


Until the first decade of the 20th century, power plant 
operators had very few instruments other than a water- 
level gage and pressure gage to aid them in their work. 
As boiler construction and operation became more com- 
plex and steam pressures and boiler sizes increased, a more 
scientific approach had to be made. This was another reason, : 
in addition to the water-cooled furnace walls, why B&W s 
purchased the Bailey Meter Company, manufacturers of 
various types of meters for measuring boiler performance 7 
and combustion control equipment. 

By this time Bailey Meter had made a number of impor- 
tant developments in metering equipment, beginning with 
the Bailey Furnace Indicator, all designed to provide easier 
and more scientific boiler operation. 

A logical step from metering was automatic control, and 
in 1923, the first Bailey Meter Combustion Control was 
installed. This was the first automatic method for maintain- 
ing optimum furnace conditions by using boiler instruments 
as a part of the control system. As the boiler steam pressure 
falls or rises, indicating a load increase or decrease, the 
control device causes the air and fuel supply to be changed 
to restore the pressure to normal, thereby meeting exactly 


4 the changes in load demand. At the same time, the Steam 
“ Flow-Air Flow meter continuously adjusts the air supply to 
: match the rate of fuel supply for the most economical com- 
> bustion conditions. 
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Soot Blowers help boiler efficiency 
This soot blower was developed to remove soot 
formations from boiler tubes, providing 


much improved boiler operation 


The Diamond Telescopic Biower 
Designed for use where temperatures are 
too high to permit use of fixed 


blowers 


Diamond High Pressure Water Gage 


This gage for determining water level in 
the boiler drum was designed to pro- 
vide a reliable reading despite great 
increases in pressures. 


Easier boiler operation and maintenance — 
interest acquired in Diamond Power 
Specialty Corporation 


Equipment designed to reduce boiler operating and 
maintenance problems became increasingly important as 
the size and complexity of steam generating equipment 
continued to grow. This led to B&W’s acquisition of an 
interest in the Diamond Power Specialty Corporation, 
Detroit, Michigan, in 1922. This firm had pioneered the 
development of soot blowers for the efficient cleaning of 
soot and ash deposits from boiler tubes. By blowing steam 
over the boiler tubes, through nozzles in pipes or elements 
positioned across them, laborious hand cleaning was elim- 
inated and maximum boiler efficiency was readily main- 
tained. In 1929, Diamond Power, carrying forward its 
work in this field, produced the first telescopic blower. Its 
retractable design was an answer to high furnace tempera- 
tures and allowed blowers to be operated on an intermittent 
basis in areas too hot for permanent installation. 

Boiler water-level indication and control was another 
critical operational area tackled by Diamond Power. The 
vital necessity for keeping the boiler filled with water to the 
proper level has been recognized since the earliest boilers. 
As long as pressures and capacities were low, it was pos- 
sible to use a simple glass cylinder connected by angle fit- 
tings into the drum. As pressures increased, this method 
could not be used, as the glass could not withstand the 
chemical attack of high-pressure boiler water. The “Loose 
Window” Gage provided a solution to this problem and 
that of temperature stresses at high pressures. 

Also, the absence of positive indication of a full or empty 
gage with a “clear glass” gage led to the development of the 
Diamond “Bi-Color” Gage whereby red and green colors 
identify steam and water with assurance. 


Diamond Power Specialty Corporation 
Plant in Detroit, Michigan, in 1922. 
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A Peak of Power Development-1929 


Embodying most of the engineering advances in steam 
generation made by the end of the ’20’s is the installation 
shown below. This type of boiler is designed to operate at 
1400 pounds pressure and supply 275,000 pounds of 
steam at a temperature of 750 degrees. 

By the end of the ’20’s, many refinements had~ been 
made in the water-cooled furnace which permitted fuller 
benefits to be derived from pulverized-coal firing. The fur- 
nace sections of boilers, while being reduced in size, were 
doing much more of the work of steam generation. In some 
boilers only 11 per cent of the steam generating tubes were 
above the furnace in the boiler proper. At the same time, 
the temperatures in the lower sections of the furnace could 
be maintained at a point higher than the melting point of 
the ash, with the result that much of the ash could be 
tapped off as molten slag. This greatly eased ash disposal 
problems and the cleaner gases passing through the boiler 
improved the efficiency of steam generation. 


the end of the ‘20's 


This installation is typical ¢ 


boiler pressures and temperatures made t 


1921-1929 


Typical 1400-pound pressure boiler—1929 


) 
iat = 
— SSS Al 
| § = | | ASSESS 
Bit 
SSS = N 
| REHEATER SUPERHEATER 
SSC 
Co 
ECONOMIZER 


1921-1929 


Stainless tubing emerging from piercer 

The “piercer,”’ which produces a hole in a solid 
steel billet, is the heart of the seamless 

tube making process 


New alloy tubes serve the process 
industries 


The steady trend of steam generating equipment in the 
direction of higher pressures and temperatures was, and is, 
inextricably tied to the development of new materials and 
processes. B&W research in alloy steel and stainless tubing 
for boiler components was soon, however, exploited in 
other areas of industrial application. 

About 1920, the increasing number of automobiles and 
the resultant demand for gasoline brought changes in the 
operations of the petroleum industry. The entire refining 
process was revised. The cracking still, in which crude oil 
was heated to high temperatures under pressure, enabled 
the industry to keep pace with the demands for gasoline 
and also opened a new field for pressure tubing. As oil 
heating pressures and temperatures went up, and corrosive 
crudes began tq be refined in volume, the market for alloy 
and stainless steels began to grow. 

Changes in process requirements in the chemical, food 
and allied industries created other substantial markets for 
tubing with specific alloying characteristics. In 1922, B&W 
successfully produced by commercial seamless practice the 


CHRONOLOGY OF TUBULAR PRODUCTS 
DEVELOPMENTS 


The changing needs and growth of industry gave impetus to 
the development of new alloy and stainless steels and their 
tube production techniques. Highlights of B&W’s contribu- 
tion to the field were: 


1922 Produced the first ‘Pure Nickel’’ seamless tubing 
in the world by commercial seamless practice. 


1922 Produced the first seamless 12 per cent Chromium 
tubing in the United States. 


1923 Exhibited, at Exposition of the American Society 
for Steel Treating, the first pierced 28 per cent 
Chromium-iron alloy tubes. 


1924 Began the first successful manufacture of seamless 
iron tubes of commercially manufactured open- 
hearth iron containing the alloying elements Molyb- 
denum and Copper, widely known as Toncan iron. 


1924 Pierced and rolled the first low carbon 12 per cent 
Chromium steel tubes. 


1925 Began commercial production of 16.50—18.50 per 
cent Chromium-iron alloy tubing. 


1928 After extensive investigations, began the commer- 
cial production of corrosion-resistant 18 per cent 
Chromium, 8 per cent Nickel alloy tubes and pipe. 
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Alloy tubes in oil heater in operation 
Use of alloy tubes in refineries allows longer 
periods of operation without shutdowns 

for maintenance 


Stainless tubes in food processing pipeline 
Stainless tubes are an important part of much food 


and chemical processing equipment 


first “pure nickel” hot pierced seamless tubing in the world, 
and later that same year, produced the first seamless 12 per 
cent chromium tubing in the United States. 

One of B&W’s most important developments took place 
in 1928, when, after extensive investigations dating back to 
the early °20’s, the first commercial production by the 
rotary piercing method of seamless 18 per cent chromium, 
8 per cent nickel tubes began. This is the alloy usually 
meant when the term “stainless” is used. The metal is rela- 
tively difficult to fabricate by any method, and it is espe- 
cially hard to make tubes of it by rotary piercing. It requires 
precise metallurgical control not only in the piercing, but 
also in the production of the steel itself. Special techniques, 
therefore, had to be worked out, beginning with the melting 
of the steel and continuing through the exact heating of the 
billet before piercing, as well as in the piercing procedures. 


1921-1929 
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National economic crisis promotes 
diversification and engineering developments 


En contrast with the expanding economy of the ’20’s, the 
early ’30’s present a depressing prospect, but out of these 
annealing °30’s came a tougher America. Our economy had 
taken its worst body blow and proved reassuringly resilient. 
On the industrial scene, the depression was an ill wind 
that blew frequent good. Among these gains was an inten- 
sified emphasis on efficiency and higher yield per dollar of 
investment. 
In the power field, the accelerated search for economical 
energy was to bring forth developments of far reaching 
results. At B&W, this was a decade that saw the introduc- 
tion of many significant improvements in steam generating | 
equipment for both land and sea. The designs made pos- 
sible the increase of pressures from 1400 pounds to as high 
as 2500 pounds and increased temperatures to as high as 
960 degrees. 
In the development of tubular products, metallurgical 
research was pushing back heat-pressure design limitations. 
Specialized B&W projects, like those for the Hoover 
Dam, were undertaken to keep B&W plants in operation { 
and to co-operate in the national recovery program. 
The °30’s saw, too, the introduction by B&W of the first 
commercially successful high temperature insulating fire- 
brick which were to revolutionize industrial furnace design 
and construction almost immediately. 


A major boiler construction breakthrough 
Fusion Welded Drums 


As boiler capacities and pressures increased, a major 
obstacle appeared — the method of construction of the 
boiler drum. 

Prior to 1930, the standard method of joining boiler 
drum plates was by riveting. The butt straps and extra 
strengthening collars required in riveted construction added 
weight to the drum, required constant inspection and costly 
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X-ray on left shows good weld 
X-ray on the right shows rejected weld 


ne installed in 19 


First welded power boiler drum built 
under ASME code—for Brown Paper Co. of 
Monroe, Louisiana. A welded drum is made 
by joining formed plates with a fusion 


weld which is as strong as the plate itself 


Riveted drums were limited in thickness 
Riveted drum, even with heavy butt straps and 
strengthening collars, could not be made with 


wall thicknesses over about 2%4 inches 


maintenance. The greatest fault of riveted construction, 
however, was that it limited the thickness of drum plates 
to about 2% inches because no satisfactory method was 
known of securing a tight joint with rivets in plates above 
this thickness. It thus placed severe limitations on the pres- 
sure for which the boiler could be designed. The only 
available alternative was to forge and machine a solid 
ingot into a drum, which was extremely costly. Boilers 
built prior to 1930 with pressures of over 700 pounds used 
the forged and machined drum. 

The story behind the development of fusion welding at 
B&W was one of intensive search beginning in 1926. Weld- 
ing techniques had to be improved in many respects. 
Equally, if not more important, an acceptable test proce- 
dure had to be found and instituted that would guarantee 
the drum without destroying it in the test. After extensive 
investigation of various methods of testing, it was decided 
in 1929 to adapt the medical x-ray machine to production 
examination of welds. By x-ray examination, together with 
physical tests of samples of the weld material, the sound- 
ness of the weld could be proved. 

The United States Navy, during 1930, adopted a speci- 
fication for construction of welded boiler drums for Navy 


inch thick steel vessels and in that same year the first welded drums ever 


pment penetrates &8-inch steel 


accepted by an engineering authority were a part of the 
B&W boilers installed in several cruisers. The Boiler Code 


Committee of the American Society of Mechanical Engi- 
neers issued, during 1930, complete rules and specifica- 
tions for the fusion welding of drums for power boilers, 
and the following year B&W shipped the first welded 
power boiler drum built under this code. 


1930-1941 
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1930-1941 


interest is intensified in Industry's 
demand for specialized power equipment 


The °30’s saw an intensified interest in the needs of 
medium-sized industrial power plants. Also, by this time, 
coal had been replaced by oil or gas in several geographical 
areas as the principal fuel. 

Recognizing this need, B&W engineers worked out the 
design for a new boiler for medium capacities which would 
offer the cost-saving advantages already available in larger 
central station boilers. In 1933, they introduced the 
Integral-Furnace boiler. This was the first boiler to com- 
bine successfully a boiler and a water-cooled furnace into 
a completely co-ordinated unit that could be fired with 
stokers, pulverized-coal, oil or gas. 

Previously, a completely water-cooled furnace had been 
available only in larger units. In order to burn pulverized- 
coal in a medium-sized unit, it had been necessary to have 
a large refractory-lined furnace. The new unit, therefore, 
offered the advantages of compactness, low maintenance 
and fuel savings and was quickly accepted by industry. 

Integral-Furnace boilers are available for a wide range 
of operating conditions. Capacities range from about 5000 
to 350,000 pounds of steam per hour with design pressures 
to 1050 pounds and steam temperature to 910 degrees. 


The first completely co-ordinated 
boiler and water-cooled furnace—1933 


The Integral-Furnace boiler combines 
boiler and water-cooled furnace 

into a completely co-ordinated unit 
which can burn either coal, oil or gas 
alone or in combination. 
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Specialized designs are developed for 
the paper industry 


A series of unusual “waste heat” type boilers was devel- 
oped for use in the recovery of heat and chemicals from 
paper pulp mill wastes, the first installation being made in 
1935. 

Much of the paper manufactured in the United States 
is produced from wood fibers. The wood is subjected to 
heat and pressure while in contact with a water solution of 
a “cooking” chemical. The cooking chemical forms soluble 
chemical compounds with the wood binders, and these 
compounds can be washed from the undissolved paper- 
making wood fibers. 

The solution of wood-binding substance and cooking 
chemical is commonly called “black liquor.” Such liquor 
is valuable, as it contains both the cooking chemicals and 
a substantial portion of the combustible substance present 
in the original wood. Many pulp making processes are 
economically feasible only because means have been devel- 
oped to recover the heat and chemical content of the black 
liquor. 

Recovery is accomplished through the use of specially 

designed boilers. The black liquor is burned, producing 
steam, and the cooking chemical is recovered in a re-usable 
form. 
Recovery boilers are a breed apart from power boilers, 
CEI |||!) | | requiring special provisions for introducing the liquor and 
air, special furnace construction to obtain the recovered 
chemical in usable form, and special tube banks to permit 
cleaning. They are usually built in large sizes together with 
high pressures and temperatures — capacities of 300,000 
pounds of steam per hour at 1500 pounds pressure and 
Bid temperatures of 900 degrees are not unusual. 
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t Chemicals and heat recovered 


by “black liquor” boiler 


Boiler and component equipment 
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A new plateau in power progress 


Cyclone Steam Separator: Pure steam is a completely 
dry, colorless vapor. The production of steam that is vir- 
tually free from water droplets and impurities is essential 
to continuous and economical power generation. Impurities 
in steam, even in minute quantities, are deposited on tur- 
bine blades and cause shutdowns for cleaning. A major 
step in accomplishing this objective was the development, 
in 1937, of the Cyclone Steam Separator which, installed 
in the boiler drum, uses the energy in the steam-and-water 
mixture to literally whirl the water and impurities out of 
the steam. This device has made it possible to design natu- 
ral circulation boilers for high pressure operation. Without 
such equipment it becomes more and more difficult to sepa- 
rate the steam from the water as the boiler pressures go 
higher. 

Open-Pass and Radiant Boilers: By the end of the ’30’s, 
engineering developments in boilers for large central sta- 
tions had reached a high plateau. The new boiler designs — 
the Open-Pass and Radiant types — were first installed in 
this period and subsequently received wide acceptance for 
heavy-duty central station services. Both of these are 
almost always designed in large sizes and for high pressures 
— above 300,000 pounds of steam per hour and from 
1200 to 2700 pounds pressure. 

Shortly after the Open-Pass and Radiant Boilers had 
been introduced, the single-boiler, single-turbine units be- 
came the usual type of new installation in the central 
station. This was a part of the continued effort to keep 
expenditure for equipment to a minimum. It was made pos- 
sible by the high degree of reliability demonstrated by 
boilers in the previous decade, and by improvements in the 
art of feedwater treatment. Units of this type are expected 
to run a year or more without being shut down for repairs. 

Both the Open-Pass and Radiant Boilers are well suited 
to single-boiler, single-turbine service. 


Important factor in larger boiler design— 
Cyclone Steam Separator—1937 


Above: Diagrammatic view showing position 
in boiler drum 

Below: Cutaway view of separator showing 
how steam and water mixture whirls out 
moisture and impurities 
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| Typical Radiant Boiler 


Radiant Boiler, so named because nearly all 
of the tubes are exposed to the radiant heat 
of the fire. This boiler has a design pressure 


of 1475 pounds with a steam temperature of 
950 degrees. Its capacity is 605,000 pounds 
of steam per hour—enough to generate 
electricity for 175,000 homes 


Typical Open-Pass Boiler 


This Open-Pass Boiler incorporates all the major 
engineering developments available at the 


time. These include large size, high pressure 
high temperature, reheat, the water-cooled 
furnace, pulverized-coal firing and 
single-boiler single-turbine operation 

It generates 550,000 pounds of steam per hour 
at the extremely high pressure of 2500 pounds 


and a steam temperature of 940 degrees 


This produces enough electricity for the 
residential needs of a city of 680,000 people 
It burns enough coal per hour to supply the 


average home for three years 
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Marine developments during the ‘30's 


Following World War I, when naval and merchant ship- 
ping was at a low ebb, B&W continued its efforts to develop 
more powerful, more compact, lightweight, highly efficient 
boilers for naval and merchant use. The success of the 
B&W fusion welded boiler drum and its acceptance by the 
Navy in 1930 were to have far reaching effects upon marine 
boiler design. The welded drum opened the way to higher 
steam pressures without prohibitive weight. The weight 
factor, always important, was even.more critical during 
the early °30’s when the Navy shipbuilding program was 
restrained by the Washington Naval Limitations Treaty. 

Out of these treaty limitations grew an allied problem in 
ship design: the problem of decreasing fuel consumption 
so that cruising radius could be increased without carrying 
additional fuel. This required not only an increase in boiler 
efficiency but also called for higher pressures and tempera- 
tures in order to obtain the utmost power from the turbines. 

Aboard the Navy’s smaller ships, notably destroyers, the 
problem was not only of power but also of packaging. 
To meet the increasingly congested conditions aboard de- 
stroyers and still retain the advantages of superheat con- 
trol, a two-furnace single uptake type of boiler, designed to 


Two-furnace single uptake marine boiler—1938 


Single uptake boilers of the type shown in this 


cutaway drawing were introduced in 1938 into operate at a pressure of 580 pounds and temperature of 
- Navy destroyers. Designed to operate at a pres 825 degrees was developed in 1938 for the Gleaves class 
destroyer. This general design was widely used for most 

degrees, the compactness of this unit was of b b | ith S f t t 

subsequent combat vessels, with an increase of steam tem- 


perature to 850 degrees. Important improvements were 
also made for the merchant service, especially in boilers 
designed for tankers. 


Boiler room of the S.S. AMERICA—1938 


Construction of this ship, the largest merchant ship 
to be built in the United States up to that time, 
was Started in 1938 and completed in 1940. This 
vessel is equipped with six B&W three-drum, 
single-furnace type boilers fitted with super- 
heaters and air heaters. These boilers deliver 
steam at 524 pounds pressure and a 

temperature of 725 degrees. 
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Special products—an expanded service 
to industry typified by B&W contract 
for Hoover Dam penstocks-1932 


In the °30’s, B&W’s enlarged manufacturing facilities, 
new welding techniques, and engineering knowledge were 
extended outside the steam generating field. This was 
prompted primarily by a need to keep its facilities in opera- 
tion, boiler orders being scarce. 

One of the major projects undertaken was the manufac- 
ture of penstocks. These penstocks, which are large steel 
pipes for carrying water, were an important part of the 
building of Hoover Dam, a masterpiece of engineering and 
construction. In engineering the dam, it was felt that con- 
crete-lined tunnels to carry the water from the reservoir to 
the power plant might not be reliable under the anticipated 
pressure, so it was decided to use a system of welded steel 
penstocks. These were to be in varying sizes from 82 to 
30 feet in diameter, with walls up to 2% inches thick. In 
1932, B&W contracted to manufacture the entire system. 
Penstocks this size had never been built. Nor, once assem- 
bled, could they be shipped by rail. Consequently, a fabri- 
cating plant had to be set up near the dam site. To fabricate 
the largest steel plates ever rolled up to that time, B&W 
had to install some of the largest machines ever built. In 
the plant, beginning in 1933, 45,000 tons of steel were used 
to fabricate this pipe. Over 400,000 linear feet of welding 
was performed. The amount of x-ray film used to prove the 
soundness of the welds was more than had been used pre- 
viously for all industrial purposes in the United States. 

Another new product, heavy welded constructions, or 
“weldments,” consisted of pieces of thick steel plate fab- 
ricated by welding into various equipment, such as gun 
mounts. A plant was purchased in Alliance, Ohio, espe- 
cially for their manufacture and went into operation in 
1940. 


Hoover Dam penstock section being lowered 

to position 

The largest ever manufactured 

at that time, this 30-foot diameter penstock 

section is typical of the ones made for this 

huge project. “Bubble” Tower 
for oil refining industry 
Typical of the heavy pressure vessels 
made at the time is this vessel for an oil 
refinery which, when installed, is as tall as 


a 10-story building 
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insulating firebrick show dependability 

in oil heaters 

Reliability in service is of paramount concern 

in process applications. B&W Insulating Firebrick 
have repeatedly demonstrated their dependability 
in applications like the oil heater for the 
petroleum industry illustrated here, by re 


maining in uninterrupted service for years 
with no shutdowns for lining repairs. 


High temperature insulating firebrick 
revolutionize industrial furnaces 


The development of the first refractory which could both 
withstand direct exposure to high temperature furnace 
gases and at the same time serve as efficient insulation — 


B&W Insulating Firebrick line 
industrial furnaces 


From furnaces like the giant stress 


relieving furnace above, to the indispensable B&W Insulating Firebrick = started with a Navy require- 
Ls smail ones, like the tool hardening furnace ment for a lightweight refractory to reduce overall weight 
below, B&W high temperature : . 
fi anor ee of boilers for combat ships. 
nsulating Firebrick provide 


economy and dependability B&W produced for this service brick weighing 65 per 
cent as much as normal firebrick. Later, in 1925, the Com- 
pany extended its experiments with the development and 
manufacture of much lighter refractories. These efforts re- 
sulted in the introduction of the first commercially success- 
ful insulating firebrick, in 1930. Depending upon the grade, 
these new brick weigh one-eighth to one-fourth as much 
as ordinary firebrick, and combine high heat resistance, 
excellent insulating properties and low heat storage. They 
can be used directly exposed to furnace gases, and because 
of their high resistance to the flow of heat require no 
backing-up insulation. Their use makes it possible to design 
furnaces with light, thin walls, less supporting steelwork 
and lighter foundations. 

The low heat storage of insulating firebrick is of great 
value to the many industries which require the intermittent 
operation of oil- and gas-fired furnaces. Furnaces can be 
heated and cooled quickly, saving time and fuel. More- 
over, the cycle of heating-cooling can be accomplished 
more times during the working day, thereby increasing 
production. 

In 1930, the manufacture of B&W Insulating Firebrick 
and other refractory products was transferred to a new 
plant near the source of kaolin clay at Augusta, Georgia. 
The Company had maintained a unit at Augusta for cal- 
cining — a heating process — the raw kaolin since 1928. 


Lightweight insulating refractories made this 
furnace design possible 

The development of insulating firebrick 
made possible the design of portable annealing 34 
furnace covers, such as this. 
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Tubing developments of the '30's 


Throughout the ’30’s, the demand continued for tubular 

materials to keep pace with expanding industrial needs. 

: Special alloys to ease cleaning and avoid contamination 

were needed by dairies and in food processing. Chemical 

plants were faced with special problems in the use of new 

corrosive substances. Demands for gasoline continued and 

larger refineries were being built. Thus the markets for tub- 

ing continued to be extended far beyond the original one 
of tubes for steam generating equipment. 

Even through the depths of the great depression, mod- 
ernization of plant equipment and facilities went on. In the 
war years to follow, this foresightedness proved immeas- 
urably valuable to B&W and to the nation. 


CHRONOLOGY OF TUBULAR PRODUCTS 
DEVELOPMENTS — continued 


1930 Produced the first seamless Monel Metal tubes. 


B&W High Chromium alloy tubing for chemical plant 1830 Successfully pierced and rolled 25 per cent Chro- = 

These coils of 20% Chromium—2% Aluminum are for operation mium, 20 per cent Nickel-iron alloy tubes. 

at a temperature of 1700 degrees in a chemical plant. ae 


1932 introduced the improved 4-6 per cent Chromium, - 
0.5 per cent Molybdenum alloy steel tube to the = 
refining industry. 


Stainless tubes are used in dairies 1932 Shipped first Carbon-molybdenum alloy steel crack- 
Many dairies use stainless tubing ing still tubes to the refining industry. 


for its non-contaminating properties. 1934 Successfully produced Croloy 16-13-3 alloy tubing. 


1935 Developed and produced Croloy 2 (2 per cent Chro- 
mium, 0.5 per cent Molybdenum) alloy steel tubing. 


1935 Started the commercial production of semi-stainiess ea 
Croloy 9. 


1937 Developed and introduced Croloy 2%, a low alloy 
high creep strength steel now in wide use, as well 
as Croloy 3-M, a companion steel with respect to 7 
properties and application. 


1938 Introduced a 7 per cent Chromium, 0.5 per cent i 
Molybdenum, 0.50-1.00 per cent Silicon alloy to the a 
refining industry. 
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B&W Boilers power most Navy ships 

In any given fleet the dominance of 

B&W marine boilers was apparent. 

Of the 5400 major steam powered 
combat and merchant vessels constructed 
in the U.S. during the war period, 

more than 4100 were equipped with boilers 
designed by B&W. 


E ven before United States involvement in World War II, 
production for the arsenal of democracy had greatly accel- 
erated the expansion of American industry. The pattern of 
World War I reasserted itself as steam generating equip- 
ment went to power the machines of war. 


Steam for fighting ships 


In the marine field, power plant developments of the 
restrictive pre-war years paid an important dividend. The 
designs worked out for the boilers built as the Naval pro- 
gram gradually got under way — beginning in 1933 — were 
at hand. Much engineering work remained to be done, but 
primarily it was the boilers in quantity that were needed. 
Power was needed for the largest naval and cargo fleet ever 
assembled. From an average of two or three boilers a week, 
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B&W Boilers prove themselves in the FRANKLIN 


Stricken U.S. aircraft carrier Franklin was 
brought safely home 


in 1939, production at the end of the shipbuilding program 
had increased to about 30 boilers a week. From 1942 to the 
end of the war, approximately 5,400 major steam-powered 
combat and merchant vessels were constructed. Of these, 
more than 4,100 were equipped with boilers designed by 
B&W and over 1,800 were equipped with Bailey Control. 
In every major battle, from the desperate delaying actions 
after Pearl Harbor to the direct bombardments of the Japa- 
nese home islands in 1945, B&W boilers powered such 
famous ships as the cruisers Houston, San Francisco and 
Boise; battleships such as the North Carolina, Washington, 
South Dakota, lowa and Missouri; aircraft carriers ranging 
from the Lexington class to the Essex class and the super- 
carriers Midway, Coral Sea and Franklin D. Roosevelt, as 
well as hundreds of destroyers and thousands of cargo 
ships. 

The boilers in the Midway class aircraft carriers give 
some idea of the advance in marine design. They are capa- © 
ble of generating enough power for a city with a million 
population. The ships they power carry enough fuel oil to 
heat 3,000 average sized homes for a year. 

Near the war’s end, perhaps no act so fittingly sym- 
bolized the quality of the Navy’s ships and the men who 
sailed them as that of the carrier Franklin. Struck amid- 
ships by two bombs, the Franklin’s ammunition exploded 
and the ship blazed from stem to stern. With more than 
1,000 of their shipmates dead, wounded or missing, a fight- 
ing crew worked to repair the damages and keep their ship 
afloat. Cold sea water had flooded four of her eight boilers. 
Despite temperatures that ranged from 550 degrees in gen- 
erating tubes to 2800 degrees in the brickwork at the time 
of flooding, the brickwork and pressure parts withstood the 
shock of the cold sea water and remained practically intact. 
The boilers were pumped out and the burners lighted off, 
supplying steam for the Franklin’s long 13,000 mile voyage 
home. 
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1942-1946 


Fuel burning methods and boiler 
operation advanced 


An important part of B&W’s wartime effort was devoted 
toward developments to help industries and public utilities 
increase the efficiency of boiler operation and thus lend 
more power to the nation in its crisis. The developments 
were also of great usefulness in the post-war era. The out- 
come of research begun in the ’30’s, the Cyclone Furnace 
represents one of the more important of these advances. 
The first commercial Cyclone Furnace was installed at the 
Calumet Station of the Commonwealth Edison Company 
in Chicago in 1944. This equipment was aimed at solving 
two major problems which beset the power engineer. The 
first was the increasing necessity to use low quality, high 
ash fuels in the generation of steam. The second was the 
requirement for keeping as much as possible of the coal- 
ash in the furnace, instead of permitting it to go through 
the boiler and on out the stack. 

The performance of the Cyclone Furnace has made pos- 
sible better functional design of boilers, improved operat- 
| CRUSHED ing conditions, and reduced the problem of air pollution. 
; = These advantages have been obtained with reductions in 
both capital and operating costs. 


HIGH-SPEED 
SECONDARY AIR 


~ Diamond introduces industrial television 


HOT GASES / 


Another important development, one pioneered by the 
Diamond Power Specialty Corporation, was the applica- 
tion of closed circuit television to industry. This product, 
known as the Utiliscope, was introduced in 1946, to con- 
vey an actual picture of the water level in the drum at the 
boiler control panel. 
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Cyclone Furnace—1944 


Crushed coal and primary air are 
admitted to the front of the Cyclone. 
The crushed coal is trapped in a 
layer of liquid slag which covers the 
inside of the Cyclone Furnace and 

is rapidly scrubbed by secondary air. 
Combustion is so rapid that it is 
virtually complete inside the Cyclone 
Furnace and is so hot that the 


ash melts instead of leaving 


i WY 


the furnace with the hot gases 


Diamond Utiliscope—1946 


Utiliscope, closed circuit television, 


conveys actual picture of water gage 
to boiler contro! panel. 
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1942-1946 


Welding tube sheet in vessel 
for synthetic rubber 


With world supplies of rubber cut off, 


America turned to synthetics 
B&W experience in stress problems 
was of special service in the 
design and production of butadiene 
converters for the war-born industry 


Special products for vital industries 


In still another vital area, B&W engineering and pro- 
duction knowhow was harnessed to the requirements of 
war. 

Typical is B&W’s participation in the synthetic rubber 
industry. The processes of synthetic rubber production re- 
quire the use of many pressure vessels of various types. For 
one butadiene plant, B&W shops supplied equipment with 
a total weight of almost 3 million pounds; for another plant, 
24 pieces of equipment each of which contained 68 miles 
of tubing. Another vital contribution to this program was 
the design and specification of steels for a high temperature 
superheater furnishing steam at the extreme high of 1400 
degrees. 

B&W also designed and produced various pressure ves- 
sels for use in the manufacture of aviation gasoline. These 
ranged in size from a diameter of 4 feet up to 27 feet. One 
huge reactor vessel, 85 feet long and weighing 171 tons, 
required five specially designed freight cars for its transpor- 
tation in sections to California. 

For the magnesium industry, B&W built 1,800 chrome- 
nickel alloy retorts which speeded production because they 
lasted three times as long as those made of materials pre- 
viously used. 

It was in line with these activities that B&W designed 
and fabricated the heaviest walled pressure vessel ever con- 
structed, for the Manhattan District Project for the atomic 
bomb. B&W engineers consulted at Oak Ridge on prob- 
lems of heat transfer. Thus began a pioneering association 
between B&W and the field of atomics which was to speed 
the development of a new field of fuel utilization — one 
promising vast advances in power engineering. 
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1942-1946 


Electric-resistance welded tubes 


To accelerate production of tubing 

to meet the great demands of the period 
electric-resistance welding received 

a new emphasis. Shown at right is 

the welding-head step of operation, 


and below the annealing furnaces 


Tubes for tanks and other war machines 


With the advent of war, B&W was tooled up and ready 
to put tube production on a greatly accelerated schedule. 
Foresighted improvements made in the °30’s in a period 
of widespread depression and general industrial inactivity 
were now to prove immensely valuable to the war effort. 
In addition to these improvements, the war was to see a 
great increase in B&W facilities designed to speed and add 
to production. 

The list of tubular products turned out is almost endless. 
Among other things, B&W produced tubing for bearings, 
combination periscope-antenna tubes for submarines, tubes 
for recoil mechanisms of artillery pieces, height finder 
tubes for coastal and antiaircraft artillery, track pin tubing 
for tanks, tubes for gun mounts, mortar shells, rockets and 
aircraft, not to mention tubing for the first synthetic rub- 
ber plant to go into operation. 

Despite the emphasis on production, B&W engineers 
and metallurgists insisted upon quality steels. Toward that 
end, a complete steel mill was placed in operation including 
electric furnaces for melting, and forging and rolling mill 
equipment to produce alloy and stainless steel tube rounds 
for the seamless tube mills. A significant portion of the 
production of the stainless steels made was for the Man- 
hattan District Project for the atomic bomb. 
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Several new grades of steel were also produced for the 
first time in tubing form, including a 9 per cent nickel alloy, 
excellent for sub-zero applications, and a high-alloy stain- 
less steel containing 18 per cent chromium, 13 per cent 
nickel and 3 per cent molybdenum which has high resist- 
ance to corrosion. 

The production of these steels required the development 
of special heating cycles for forging and rolling in order to 
manufacture tube rounds which would successfully with- 
stand the rigors of the seamless piercing operation. 7 

In the midst of the war effort, in 1942, B&W diversified i 
its carbon steel tube production process by building a mill 
at Alliance, Ohio, for the manufacture of tubes by the elec- , 
tric resistance welding process. Using carbon steel strip in 
long coils, the mill, by means of a series of roller dies, 
forms the strip into a cylindrical shape and under pressure 
from additional rolls on each side, a high frequency cur- 
rent, passing through the butting edges, welds the formed \ 


cylinder into a tube. Tubing produced by this method was 7 
used in military pipe lines, ordnance parts and in thou- a 
sands of power, heating and marine boilers. During the * 


war period, working seven days a week, the new plant 
turned out enough tubing to encircle the world three times. 

During this period, B&W also installed equipment and 
began producing welded stainless tubing. The forming of 
wel the tube is similar to the process for making welded carbon 
as basic as bullets. In the rigidly controlled steel tubing; however, the welding is by a different method. 
production of alloy steels for tank and Welded stainless tubing is widely used in heat exchangers 
aircraft bearings, this electric furnace plays 2 

and in light weight piping in the process industries. 


New electric furnace makes alloy steel—1942 


a critical role. 


High strength steel tubes are used for 

tank “track-pins” 

An important application of high strength steels 
was found in track-pins for tanks 
Multi-thousands of these were supplied 

to the U.S. Army 
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Installing refractories in marine boiler 


Heat resistant refractories are an important 
part of furnace efficiency. Here B&W refractories 
are installed in a marine boiler 


Refractories for wartime output 


As in the case of boilers and tubes, B&W’s refractories 
efforts were aided by long time familiarity with specialized 
Navy requirements and by the experience acquired in times 
of peace in meeting these problems. 80N Firebrick was 
especially developed to meet the Navy’s needs and every 
B&W boiler supplied to the Navy during the war was 
lined with these brick. At least one type of B&W refractory 
product went into every boiler for the Liberty Ships, from 
the point of view of numbers, the largest class of vessels 
built for the Maritime Commission. In addition, these 
products were installed in vast numbers of tankers, Victory 
Ships and fast cargo vessels. B&W refractories went to war 
in other capacities, supplying insulating firebrick for mo- 
bile retreading plants, mobile laundries and even in aircraft 
heaters. 

Across the board in American industry, wherever heat 
is generated for direct or indirect use, refractories in some 
form are required. B&W products were in early demand by 
the machine tool industry for heat treating furnaces for 
machine parts and tools. Later came the demand for insu- 
lating firebrick in the heat treating of armor-plate, the stress 
relieving of battleship and heavy cruiser turrets, and in the 
various processes of making steel for ordnance uses. 

Large quantities of insulating firebrick and other refrac- 
tories were used in the manufacturing and processing of 
synthetic rubber, magnesium, aluminum, and 100 octane 
gasoline for aircraft. 


insulating firebrick-lined wartime annealing furnace 


Insulating firebrick helped speed the production of 
critical military items by improving performance 


of heat treating furnaces. 
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Energy for an Expanding Economy 


The signing of a document on the deck of the USS Missouri 
in 1945 brought the Second World War to a close. Sud- 
denly, the tremendous energies that had been directed to 
the production of materials of war were freed for a new 
purpose — white shirts and penicillin, buildings and auto- 
mobiles, television sets and swimming pools, transistors 
and new homes, air conditioners and washing machines, 
plastics and fertilizers. 

The pent-up desires for peacetime goods were released 
in a surge of buying. While this vast growth was accom- 
panied by a doubling of living costs, the standard of living 
rose markedly, too. Real income per family was upped 12 
per cent over boom 1929 levels. Accrued wartime savings 
of over 100 billion dollars created an unprecedented de- 
mand for consumer goods. Although plants built or ex- 
panded during the war were converted to peacetime uses, 
the nation needed even higher output. New applications of 
machine energy and the development of automated proc- 
esses were to make possible record production gains. 

Preparing for this enormous growth, B&W launched its 
largest expansion program, not only in its physical facilities, 
but also in engineering design effort, research and devel- 
opment. At a cost of over 75 million dollars, new plants 
were constructed, existing plants were expanded and new 
improved equipment installed. B&W employment and sales 
rose to new records. 

The importance of sound research to these new pro- 
duction facilities was not overlooked. In 1947, the B&W 
Research Center was established at Alliance, Ohio. This 
move consolidated much of the work formerly carried on 
in the various divisional. laboratories. 

The responsibility of directing much of this expansion 
fell in 1948 to B&W’s seventh president, Alfred Iddles. In 
1957—in the 90th year of B&W’s history — M. Nielsen, 
who had also played a significant part in the Company’s 
post-war expansion, was elected eighth president of the 
Company. 
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1947-1957 


Comparison of 1957 Universal Pressure Boiler 
with 1882 Pearl Street Station Boiler 

This advanced steam generating unit is designed 
to deliver steam at a pressure of 3500 pounds 
and a temperature of 1050 degrees. In this com 
posite picture, a man standing atop the giant new 
Universal Pressure boiler could look Miss Liberty 
straight in the eye. it is designed to supply 
2,900,000 pounds of steam to a 450,000 kilowatt 
turbine producing sufficient electricity to fill the 
residential needs of a city of 4,000,000 people. 


1957 


1882 
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1947-1957 


Boiler Division — post-war developments 


The B&W Boiler Division expansion program begun in 
1946 brought about the building or acquisition of five 
new production facilities. These included new plants at 
Wilmington, North Carolina; Brunswick, Georgia; West 
Point, Mississippi; Paris, Texas; and Lynchburg, Virginia. 
These are engaged in a range of activities: fabrication of 
structural steel, sheet metal work, production of boiler 
drums, superheater and economizer sections, boiler assem- 
bly and the manufacture of nuclear fuel elements. 

Along with these new facilities, efforts were intensified 
toward more shop assembly. This results in important sav- 
ings in time and cost of field erection. 

On the engineering front important developments oc- 
curred. Design of boilers was permitted to advance as 
turbines of larger capacity were developed. Today, single- 
turbine, single-boiler combinations are producing several 
times as much electricity as was formerly produced by a 
whole generating station. 

An important milestone in the progress toward produc- 
tion of electricity at the lowest possible cost is the success- 
ful operation in 1957 of the first commercial installation 
of the “supercritical pressure” steam generator at the Philo 
Plant of the Ohio Power Company on the American Gas 
and Electric System. 

The pressure of 3206 pounds is known in engineering 
terms as the “critical” pressure. Water in a boiler operating 
at this pressure does not bubble or “boil” as it converts to 
steam, but changes instantaneously from water to steam 
when it reaches a temperature of 705 degrees. Such a boiler 
has no drum for collecting steam and water but is composed 
of a system of groups of independent, continuous tubes. 
Water, under pressure, is forced in one end of the system 
of tubes and comes out the other end as superheated steam. 
Since forced-flow, once-through boilers such as Philo could 
be operated both above and below critical pressure, B&W 
has called its design the “Universal Pressure Boiler.” 

The unit delivers steam at 4500 pounds pressure at a 
temperature of 1150 degrees to the turbine, generating 
120,000 kilowatts of electricity. The new unit replaced 
equipment ordered in 1923, also a first in its day (see page 
17), which delivered steam at 600 pounds pressure and 
725 degrees to a turbine generating 40,000 kilowatts of 
electricity. The new supercritical unit produces three times 
as much steam in the same space, using almost half the 
amount of coal per kilowatt hour. 


Modern Radiant boiler 


This unit is typical of many in use today 


Shown in cross-section, it will supply 


steam to produce enough electricity to 
meet the residential needs of a city of 
604,000 people 
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FM Boiler 


The FM package boiler is shipped all in 


one piece, ready for operation as soon 


as it is in place and connected. 
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The CO Boiler for oil refinery 
“cat-crackers” 


FORCED-DRAFT 


FANS 


Advances in central-station boilers are 
extended to industrial and heating boilers 


From the very beginning, boilers for industrial plants 
and for heating purposes have been important to B&W. In 
the expanding economy of this period it became immedi- 
ately evident that a relatively small unit which could be 
shipped to the site completely assembled and erected, and 
started up with the least possible delay, would be highly 
desirable. The Integral-Furnace boiler design developed in 
the ’30’s was therefore used to create the FM Boiler. The 
boiler is built for capacities ranging between 5,000 and 
50,000 pounds of steam per hour and for pressures to 235 
pounds. 


Energy trom by-product fuels 


The proud claim of the meat-packing industry that it 
uses every part of the pig but the squeal has its parallel in 
the industrial processing field. Utilization of the heat in 
waste gases and by-product fuels through a properly de- 
signed boiler converts this available energy into useful 
steam. 

Various types of by-product fuel boilers have been de- 
signed and constructed for specific needs in the petroleum 
products, steel, copper, zinc, paper and cement industries. 

Many factors enter into the design of a practicable and 
economical boiler for these particular applications. 

The B&W carbon monoxide boiler, introduced in 1955, 
for improving the efficiency of petroleum cracking units is 
a good example. 

In the petroleum industry the catalyst used in the crack- 
ing unit becomes covered with carbon and this must be 
burned off to bring it back to full efficiency. The gas gen- 
erated in this burning is, of course, at high temperature 
and it also contains carbon monoxide (CO) gas which is 
not completely burned. The CO boiler is designed to utilize 
the heat in this hot gas and also the additional heat avail- 
able by fully burning the CO. By the use of this boiler so 
much heat is recovered and utilized to produce usable 
steam, that it pays for itself in two years. 

An additional benefit is that the unit, by containing and 
burning much of the contaminating solids in the gases, con- 
tributes to keeping the atmosphere clean. 
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1947-1957 


Harnessing nuclear fuels 
for constructive purposes 


The development of nuclear steam generation equip- 
ment is a natural extension of B&W’s traditional activities. 
In the nuclear power plant, heat from a nuclear reaction 2 
is substituted for the heat obtained when conventional fuels - 
are burned. 7 

B&W has been applying its experience to the problems 
of nuclear energy since the days of the Manhattan Project. 

Initial activities involved making experienced technical 

personnel available for consultation, and supplying special 

pressure vessels and tubing. After World War II, the Com- 

pany sent engineers to National Laboratories for work in 

the nuclear field. This was followed by research and devel- 

opment work at the Alliance laboratory, and later by the 

fabrication of pressure vessels and heat exchangers for the . 
Navy and civilian power programs which continues as an 

increasingly important activity. 

In April 1953, the Atomic Energy Division was formed 

to coordinate the Company’s nuclear work. Beginning in 
1954, swimming pool type research reactors have been 
fe designed and built for installation in the United States, 
, Brazil and Germany. The contract for the nation’s first 
privately-financed nuclear power station was awarded to 
B&W early in 1955 by the Consolidated Edison Company 
of New York. 

Early in 1956, at a site near Lynchburg, Virginia, the 
Company opened the first privately-financed plant for the 
manufacture of fuel elements. Already expanded to sev- 
eral times its original size, this plant has supplied fuel 
BAW pressurized water nuciser steam generater elements for research and test reactors and will shortly 

produce cores for power reactors. At the same time and 
place, the Company opened a critical experiment labora- 
tory, the size of which has recently been doubled. 
Continuing the policy of design and development of new 
types of reactors, the Company undertook a contract in 
1956 to design, build and test an experimental Liquid 
Metal Fuel Reactor. In 1957, B&W was awarded a con- 
tract to design, fabricate and install a pressurized water 


Artist’s drawing of first nuclear-powered reactor for the first nuclear-powered merchant ship. 
merchant ship 


Capable of cruising 350,000 miles without 
refueling. It will be a laboratory of study for 
future nuclear propelled vessels 
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1947-1957 


Boiler and turbine controls are centralized 


A long step toward steam plant automation, 


these centralized Bailey Controls serve 
a modern large central station 


Important step toward automatic operation 
and control 


Instruments and controls have been very much improved 
in recent years and with the advent of the single-boiler, 
single-turbine generating unit it was decided to arrange 
them in a common control center for boiler, turbine, gen- 
erator and auxiliaries. Previously, controls had been lo- 
cated in separate parts of the power plant. Improved per- 
formance during start-up, normal operation and emergency 
operation results from this centralized arrangement. For 
use in centralized control rooms, Bailey Meter Company 
developed “transmission-type” instruments in miniature 
sizes, together with smaller control devices to give oper- 
ators fingertip control of widely separated major units. 

In the post-war years, Bailey Meter Company extended 
its activities far outside the steam-generating field into the 
iron and steel, ceramics and non-ferrous metals, pulp and 
paper, and water and waste treatment industries. It also 
built, and in 1955 occupied, a new plant in Wickliffe, Ohio. 
In 1956, it entered the digital data processing field. 


industrial television's use is extended 


The Diamond Power Utiliscope, described previously, is 
an important adjunct to centralized control, bringing a 
“sense of realism” into the control room. 

Using the slogan, “Now you can see where you can’t 
look,” Diamond has also extended its use far outside the 
steam-generating field into industries such as steel, metal- 
working, coal, cement, sugar, railroad, into schools and 
banks, and for under-water observation. 

In 1950, Diamond’s manufacturing operations were 
moved to a new, specially constructed plant in Lancaster, 
Ohio, where equipment was installed to take care of its 
enlarged business. 


Utiliscope’s use is extended to many industries 
The Utiliscope makes it possible to ‘see where 
you can't look.” Here it helps the operator 

of a shovel in a coal strip mine. 
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New production equipment supplies 
heavy-wallied piping 


Increases in pressures and temperatures in the power 
and process industries brought on requirements for heavy, 
strong piping. To meet this demand, B&W introduced into 
America in 1952 a method for making such large piping 
by piercing and drawing. On machinery installed at its Bar- 
Grew bint: at berton plant, it can now produce this piping, called “seam- 
a 26,000 pound ingot, is a notable advance less hollow forgings,” from a minimum 8-inch inside 
clap tac diameter and 34-inch wall thickness to an inside diameter 

of 26 inches and a wall thickness of 4% inches, and in 
lengths up to 22 feet. 

Basic equipment involved in the manufacture of hollow 
forgings at Barberton are a vertical press and horizontal 
draw bench. The press can operate at a capacity of 8500 
tons and the maximum size ingot that can be handled is 
26,000 pounds. 

In addition to its role in the production of hollow forg- 
ings, the hydraulic press, properly fitted, becomes the 
largest single press in the world for the forming of heavy 
drum boiler plate. This press permits forming of boiler 
drum sections up to 45 feet in length, which is much 
longer than possible on previous equipment, and thus helps 
speed boiler drum production. 


Draw bench and press for hollow forgings—1952 


temperature requirements. 


Holiow forgings ready for shipment 

The most advanced hollow forging equipment 
and production techniques make it 

possible for B&W to supply hollow forgings 
in a great range of sizes and analyses. 
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Titanium tubing heat exchanger 


Titanium is one of the “‘exotic” metais 
and is extremely difficult to process. 


Post-war tubes — materials and methods 


In addition to the demand for extremely large size and 
heavy-walled piping mentioned previously, the industrial 
expansion of the post-war era and technological advances 
in jet propulsion, atomic energy and chemical processing, 
led to demands for new types of tubular products as well 
as improvement in the quality of existing types. 

Some of the new materials and steel alloys that came 
into wider usage were the ferritic stainless steels (the 
straight chromium type stainless steels), stainless steels 
whose nickel content was reduced because of shortage of 
that metal, and the “exotic” materials such as titanium and 
its alloys, zirconium and its alloys, and even tubing of pure 
molybdenum. 

Tubing has been produced by the rotary piercing process 
and by welding for many years. In developing the new 
materials needed, it was found that existing methods of 
producing the tubing were unsatisfactory or impossible 
because of the metallurgical characteristics of the materials. 
Extrusion provided an answer. Subsequently, B&W was the 
first company in the United States successfully to produce 
extruded stainless steel tubing by this process, using glass 
as a lubricant. This made possible the production of tubing 
not only of such materials as the highly alloyed stainless 
steels, but also of materials such as titanium, zirconium 


1947-1957 


Roto rocking 

An important auxiliary process in the 
production of ‘‘cold-finished” tubing 
It supplements ‘‘cold drawing.” 


and molybdenum, in both round and special tubular shapes. 
Solid shapes could also be economically produced which 
had been difficult or impossible to form by regular rolling 
methods. 

Another forward step in tube processing was the adop- 
tion of “roto rocking” as an auxiliary process for the manu- 
facture of cold-finish seamless tubing. Where cold drawing 
reduces the diameter and wall thickness by tension, the roto 
rocking process reduces the hot-formed tube to size by 
compression. Tubing manufacture is simplified and at the 
same time it is possible to provide tubing in certain sizes 
and materials with somewhat closer tolerances and better 
finishes than that which could be produced by cold draw- 
ing alone. 

Since 1950, there has been a steady and over-all expan- 
sion and improvement of facilities. Additional melting and 
processing equipment has been installed in the steel mill. 
New rotary hearth billet heating furnaces have been placed 
in operation in the hot mills, as well as considerable modifi- 
cations in the piercing mills to improve the quality of the 


» 


Extrusion of “exotic” metals tubing. A completely new quality control laboratory has 
nae process. been placed in operation at the Beaver Falls plant. Facili- 
ties have been coordinated in the East Works unit at 

ifficult or impossible. 


Beaver Falls and a department formed devoted exclusively 
to the finishing of small size tubing such as are used in 
condensers and heat exchangers. At the same time there 
has been expansion and improvement of facilities at Alli- 


ance for the production of welded carbon steel tubing and ” 

at the recently acquired Milwaukee plant for production of ‘ 

seamless tubing. 
With the acquisition of facilities of the Globe Steel Tubes a 

. Company in 1955, and the installation of new equipment t. 
’ and rearranging of existing equipment, production capac- a 
ity was increased and the Division’s manufactured products " 


were broadened to include seamless welding fittings, widely 
used in steam, refinery and processing industries piping. 
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(HSULATING FIRESRICE 
BABCOCK & WELCOX CO. 


“HANDLE WITH CARE 


Ba Wh-20 


INSULATING FIREBRICK 
THE BABCOCK § WILCOX CO. 


HANDLE WITH CARE 


Refractory uses are further extended— 
lining brick kiln 


Refractories for modern furnace 


Large quantities of B&W Insulating 


Firebrick are used to line kilns for conditions 
firing structural clay products. 


Refractory developments in recent years have been influ- 
enced greatly by three significant trends : 

First, the practice of operating many types of furnaces 
at higher temperatures to increase output, and at the same 
time using quality refractories to minimize shutdowns for 
repairs. 

Second, the rapid adoption of castable refractories to 
replace fired shapes in many services. 

Third, the further substitution of lightweight insulating 
firebrick for standard weight refractories. 

B&W Allmul Firebrick, with a mullite base prepared by 
special electric furnace melting techniques, were developed 
to meet the exacting conditions of modern furnaces. Their 
use in heavy duty service has helped to reduce shutdowns 
for relining and has effected savings on maintenance costs. 

Refractory castables — which are simply concretes de- 
signed to withstand high temperature — were for many 
years confined to special applications where the installation 


a 


Electric melting furnace 

Used for meiting the mullite grain used in 
B&W Alimul Firebrick, this furnace is 
typical of the new equipment installed 

at the Refractories Division's manufacturing 
plant during the past decade. 
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B&W Alimul finds uses in pipe 
welding furnace 


Furnace above is for continuous high-speed 
welding of pipe. B&W Allmul Firebrick of brick work was extremely difficult and service conditions 
are used as bungs, burner blocks and . P 
poeta were not too severe. As these materials are as easy to install 
as ordinary structural concretes, it was recognized that 
their more general use could result in substantial savings in 
furnace construction and maintenance costs. The develop- 
ment of high temperature and high quality refractory cast- 
ables such as B&W Kaocast, the first 3000 degree castable 
and the B&W Kaocretes for exacting operating conditions 
has led to a great expansion in the use of this type of refrac- 
tory. 

Refractory castables can be poured, plastered or gunned 
into place. They can frequently eliminate expensive kiln- 
fired shapes, thus saving money in new construction and 
avoiding delays in repair work. Expensive cutting and fit- 
ting of brick work are also eliminated. 

Meanwhile, B&W continues to develop new refractory 
materials and to seek new applications for its existing prod- 
ucts. For example, in the past ten years the structural clay 
products industry has been able to speed production and 
reduce fuel costs by the use of insulating firebrick in peri- 
odic kilns. 

The introduction of new products and the increasing use 
of existing products have resulted in considerable expan- 
sion in the Refractories Division’s manufacturing facilities. 
An electric furnace was installed for the production of 
mullite grain. Equipment was added for the manufacture of 
silicon carbide refractories. Materials for castables, plastics 
and mortars are measured and mixed in a new electroni- 
cally-controlled batching unit. Other new production facili- 
ties include an additional tunnel kiln for insulating firebrick 
as well as additional power pressing equipment and periodic 
kilns for heavy firebrick. New laboratory facilities have 
been added for development and test work. 


“Gunning” refractory castable 


This fixed bed desulfurizer at an oil 
refinery is being lined with B&W 
Kaocrete-B. 
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The B&W Story 


1867 


George Babcock and Stephen Wilcox form 
partnership, Babcock, Wilcox and Company 
to manufacture and market water-tube steam 
boiler—an important engineering advance. 
Patent issued for the first B&W boiler. 


First boiler—bullt to operate at 50 pounds 
pressure and rated at 50 horsepower—is 
sold to Valley Worsted Mills, Providence, R.!. 
The partners having no plant of their own, 
it is built in an iron works in Providence. 


First B&W boiler for steam ships, rated at 40 


1876 


1881 


1881 


horsepower is for the Monroe, U.S. Quarter- 
master Department, U.S. Army. 


B&W boiler wins engineering recognition at 
the Centennial Exposition at Philadeiphia. 


The Babcock & Wilcox Company is incorpo- 
rated in New Jersey—with George Babcock, 
first President. 


First expansion into the European markets. 
Boilers sold for Edison Electric Light Co., 
London, and international Electric Exposi- 
tion, Paris. 


1882 


1889 


Pioneer central station for generating elec- 
tric current in United States, Brush Electric 
Light Company, Philadelphia, is powered by 
four 73-horsepower B&W boilers. 


New York's first central station, Pearl Street 
Station, Edison Electric illuminating Com- 
pany, goes into operation with four 216- 
horsepower B&W boilers. 


Success of new marine boiler installed in 
the steam yacht Reverie leads later to deci- 
sion of British Admiralty and U.S. Navy to 


1901 


B&W acquires its first complete manufac- 
turing facility—Bayonne Works, New Jersey. 
For several years previous to this, B&W 
boilers were produced at Singer Sewing Ma- 
chine plant at Elizabethport, New Jersey. 


Manufacture of forged-steel sectional head- 
ers—an important component of B&W boil- 
ers—facilitated by introduction of special 
equipment at Bayonne Works. 


Steam for the first utility plant equipped 


1902 


1903 


throughout with steam turbines is supplied 
by 508-horsepower B&W boilers (each ten 
times the power of the first B&W boiler). 


First New York subway is powered by B&W 
boilers. 


B&W acquires an interest in A. M. Lockett & 
Company, to extend its engineering and 
sales services in the South and Southwest. 


Purchase of the Pittsburgh Seamless Tube 


1906 


1909 


Company, Beaver Falls, Penna., assures B&W 
supply of quality tubing for boilers. 


Stirling Consolidated Boiler Company is ac- 
quired with its Barberton, Ohio, Works. 
B&W, in addition to straight tube, now able 
to offer a bent-tube design, well suited for 
poor water conditions and crowded space. 


Rust Boiler Company acquired, with its man- 
ufacturing equipment. 


1921 


1922 


1922 


1922 


Piant bought in East Liverpool, Ohio for 
pilot production of refractories (fire resistant 
brick or materials). 

B&W designs first boiler for operation at 
650 pounds pressure for central-station use. 
B&W acquires interest in Diamond Power 
Specialty Corp., manufacturers of mechani- 
cal boiler cleaning equipment. 

The first engineered refractory brick—B&W 
80 Firebrick—is made and placed on com- 
mercial market. 


1922 


1923 


1923 


Produces the first seamless 12 per cent 
Chromium tubing in the United States as 
well as the first pure Nickel seamless tubing 
in the world by commercial seamless pierc- 
ing practice. 


Sells boiler for operation at 1200 pounds 
pressure. First of a group operating in the 
1200-1400 pounds pressure range. 


First Bailey Meter Combustion Control in- 
stalled. 


1925 


1926 


1926 


1927 


B&W acquires Bailey Meter Company, Cleve- 
land, Ohio—adds water-cooled furnace wall, 
boiler control and metering equipment to 
products. 

Pulverized-coal equipment is added to line 
of B&W products by purchase of Fuller Le- 
high Company. 

First Slag-Tap Water-Cooled Furnace is in- 
Stalled—a new idea in furnace design. 


Bailey Meter Co. is reorganized and present 
Cleveland factory purchased. 


1941 


1930 


1930 


1930 


B&W becomes the first to use x-ray for the 
production-examination of welded boiler 
drums, leading to acceptance by engineer- 
ing authorities of welding as new method 
of drum fabrication. 


Boilers for U.S. Navy cruisers include first 
welded drums ever accepted by an engineer- 
ing authority. 


New refractories plant in Augusta, Georgia, 
supplements calcining operations begun in 
1928. 


First commercially successful high-tempera- 
ture insulating firebrick is introduced by 
B&W—combining fire-resistance and insulat- 
ing properties and providing important new 


1930 


1932 


1932 


design possibilities for metal-working and 
chemical-process industries’ furnaces, 
Supplies first 4-6 per cent Chromium steel 
tubes of B&W manufacture to oil refining 
industry, lowering cost of maintenance of 
oil heaters. 

Furnishes first welded power boiler drum 
built under ASME Code. 

B&W introduces commercially the first of 
a series of additional new alloy steels in 
tubular form for special purposes in the 
chemical-process industries. 


For Hoover Dam project begins fabrication 
of 45,000 tons of huge water pipes or pen- 
stocks, ranging from 842 ft. to 30 ft. in 
diameter. 


1934 


1935 


Introduces the integral-Furnace Boiler. First 
boiler to combine successfully a boiler and 
water-cooled furnace in a completely coordi- 
nated unit that could be fired with pulver- 
ized coal, oil or gas, alone or in any 
combination. 


After experiments dating from Feb., 1932, 
successfully produces CROLOY 16-13-3 (16% 
Chromium, 13% Nickel, 3% Molybdenum) 
alloy tubing for high-temperature, high-pres- 
sure applications. 


First “‘Black Liquor’ unit is sold and placed 
in service for recovery of heat and chemi- 
cals from a by-product of paper making. 


1942 


Begins construction of boilers for 4100 out 
of 5400 major steam-powered combat and 
merchant vessels built in U.S. during Worid 
War Il. 

Refractories Division begins making fire- 
brick in large quantities for Navy and 40% 
of the firebrick for the more than 2500 
emergency ships built for the Maritime Com- 
mission. 


1942 


Tubular Products Division begins shipping 
huge amounts of tubing for marine boilers 
and many other defense applications, such 
as roller bearings and pins for tank treads. 


Process Equipment begins fabricating pres- 
sure vessels for a variety of applications— 
builds a special alloy superheater for opera- 
tion at 1400 degrees. 


1944 


Manufacture of electric-resistance welded 
tubing in new plant in Alliance, Ohio, is 
begun, providing important new source for 
tubes. 


First commercial installation of B&W Cy- 
clone Furnace is made—an engineering ad- 
vance of importance in fuel burning in 
boilers. 


1947 


1950 


1950 


B&W introduces first 3000 degree alu- 
mina silica castable refractory (concrete 
with refractory properties), a new material 
for lining industrial and boiler furnaces. 


Research Center for all B&W research activi- 
ties is established in Alliance, Ohio. 


Process for extruding alloy tubing and solid 
shapes is introduced in America by B&W, 
allowing production of tubes of materials 
hitherto impossible or very difficult to make. 


New Diamond Power Specialty Corp. plant 
opened in Lancaster, Ohio, providing enlarged 


1951 


1952 


1952 


manufacturing facilities for boiler cleaning 
and electronic equipment. 


New plants opened in Boiler Division ex- 
pansion program at West Point, Mississippi, 
and Wilmington, North Carolina. 


Press and draw bench installed for produc- 
ing Hollow Forgings (heavy-walled pipe) with 
wall thicknesses to above 5 inches and 
diameters to 36 inches. 


Additional new Boiler Division plants opened 
in Paris, Texas, and Brunswick, Georgia. 


1954 


1955 


1955 


First supercritical pressure boiler, 4500 
pounds pressure, is sold to public utility, 
further lowering cost of producing elec- 
tricity. 


Purchase of Globe Steel Tubes Company adds 
tube-making facilities and new products— 
including welding fittings. 

Designs complete nuclear steam generator of 
the pressurized-water thorium-convertor type. 


New Bailey Meter Co., Wickliffe, Ohio, Plant 
is activated, increasing facilities for instru- 
ment manufacture. 
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1867—1957 


adopt B&W boilers. General marine accept- 
ance develops. 


Overseas business sold to Babcock & Wilcox 
Ltd.—London. 


B&W receives orders from U.S. Navy for 
modified Reverie type boiler for the Marietta, 
Annapolis and Chicago. 


The Alert marine boiler revolutionizes marine 
water-tube boiler practice. An improved de- 
sign of this boiler widely used in emergency 
fleet vessels of World War | and II, 


The forerunner of modern navy boilers, the 
B&W 3-drum marine boiler is installed in 
USS Mayrant. 


First 350-pound pressure B&W power boiler 
is ordered. 


World War |. Begins manufacture of over 
1500 B&W boilers built for the U.S. Navy 
and Merchant Marine. 


After extensive investigations, B&W begins 
first commercial production by rotary pierc- 
ing of seamless 18% Chromium 8% Nickel 
tubes and pipe (the most widely used and 
known ‘‘stainiess’’ material). 


Stirling Type H Boiler introduced—a long- 


needed design for heating and industrial 
uses. 


Telescopic blower is introduced by Diamond 


Power Specialty Corp. for better cleaning of 
boiler heating surfaces. 


introduces Radiant Boiler and Open-Pass 
Boiler, containing many new engineering 
features developed by B&W. 


B&W Cyclone Steam and Water Separators 
are developed, allowing important new de- 
sign possibilities by providing better sepa- 
ration of water and solids from steam in 
boiler drums. 


Alliance, Ohio, pliant of Boiler Division is 
placed in operation, fabricating heavy welded 
constructions such as gun mounts for the 
Navy. 


For the Manhattan District Project fabricates 
components for early nuclear experiments. 


Utiliscope, first industrial application of 
closed-circuit television, is introduced by 
Diamond Power Specialty Corp. 


CO Boiler for the economical use of waste 
gas fuel from chemical process is intro- 
duced. 


Bailey Meter Co. enters digital data proc- 
essing field. 


Nuclear Fabrication Plant at Lynchburg, Vir- 
ginia, for production of nuclear fuel ele- 
ments, is opened. 


Atomic Energy Division engineering offices 
and a Critical Experiments Facility for nu- 
clear experiments are established in Lynch- 
burg, Virginia. 


B&W Presidents 


G. H. BABCOCK 
1881—1893 


N. W. PRATT 
1893—1896 


1897—1898 


E. H. WELLS 
1898—1919 


W. D. HOXIE 
1919—1924 


A. G. PRATT 
1924—1948 


ALFRED IDDLES 


1948—1957 


M. NIELSEN 
1957— 
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The B&W Story in Retrospect: 1867-1957 


MILLION 
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DEC. 31, 1956 
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FACILITIES 


B&W Facilities Today 


From its inception as a partnership in 1867, The Bab- 
cock & Wilcox Company has devoted itself to advancing 
engineering concepts and design in a continuing search for 
more economical energy. Gradually, in order to control all 
of the processes between design and the delivery and opera- 
tion of a quality product, the Company expanded its facili- 
ties in the area of sales, manufacturing and services until 
today it is a nationwide organization. 

B&W has more than 25,000 employees. On December 
31, 1956, it had a working capital of over 100 million dol- 
lars, a net worth of more than 126 million dollars, and in 
1956, shipments were in excess of 280 million dollars. 


A NATIONWIDE ORGANIZATION 


Head office 
A Plants and laboratories 


@ = Sales offices and Representatives 


see 
= 
3 
J 
/ 
* 
| 7 
? 
Ao 
* 
& 
\ ® 
5 + 
el CUA 
A 
A 
7 
57 
a 


WEST POINT, MISSISSIPPI 


PARIS, TEXAS 


BRUNSWICK, GEORGIA 


LYNCHBURG, VIRGINIA 


a WILMINGTON, NORTH CAROLINA 


FACILITIES 
Boiler Division 


This Division has pioneered in the design and manufac- 
ture of steam generating equipment for power production 
and industrial processing since 1867. Its goal is the most 
efficient and economical extraction of heat from any fuel. 
For example, in the case of coal, consumption has been 
reduced from over six pounds per kilowatt-hour in 1900 to 
under eight-tenths of a pound for the most efficient unit 
operating today. Today’s production includes not only 
small packaged units with capacities as low as 5000 pounds 
of steam per hour, but also giant units with capacities as 
high as 3,000,000 pounds of steam per hour. The current 
maximum pressure is 4500 pounds and the maximum 
outlet temperature 1150 degrees. The Boiler Division 
encompasses such other allied activities as the design and 
manufacture of a wide range of process equipment and 
pressure vessels. 


ALLIANCE, OHIO—RUSH STREET 


BARBERTON, OHIO 
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BEAVER FALLS, PENNSYLVANIA—STEEL MILL 


BEAVER FALLS, PENNSYLVANIA—EAST WORKS 


BEAVER FALLS, PENNSYLVANIA—MAIN PLANT 
33 


FACILITIES 


Tubular Products Division 


From its beginnings as a specialized source of tubing 
for boilers, this Division has grown to become one of the 
nation’s important suppliers of seamless and welded car- 
bon, alloy and stainless steel tubing for both pressure and 
mechanical uses, plus seamless welding fittings. These tubu- 
lar products find wide application in the power, chemical, 
petroleum, automotive and aircraft industries. Constant 
research is devoted toward improvement in manufacturing 
procedures and toward the development of new and exist- 
ing alloys. The importance of this research has steadily 
mounted with today’s increasing demands for materials 
with high mechanical strength and resistance to unusual 
heat and corrosive conditions. 
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FACILITIES 


Refractories Division 


This Division grew directly out of B&W’s continuing 
search for economical energy . . . and out of the conviction 
that firebrick could be engineered so that it would help 
improve thermal efficiency of furnaces. The firebrick intro- 
duced by this Division in 1922 quickly won recognition not 
only in the boiler field but also in industrial furnace con- 
struction where linings had to have unusual hot load 
strength, good volume-stability, and high resistance to 
flame impingement and spalling. Successive refractory im- 
provements and developments have established this Divi- 
sion as a leading producer of firebrick and insulating 
refractories for the chemical, petroleum, steel and glass 
industries. 


AUGUSTA, GEORGIA 
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FACILITIES 


Atomic Energy Division 


Because conversion of heat energy to steam is the prin- 
cipal part of its business, B&W has been participating in 
atomic energy developments since the early days of the 
Manhattan Project. In 1953, the Atomic Energy Division 
was formed to coordinate the Company’s nuclear work. 
Today the Atomic Energy Division is engaged in the de- 
sign, technical supervision and coordination of complete 
nuclear reactor systems, including power reactors and re- 
search reactors of the swimming pool type. 


CRITICAL EXPERIMENT FACILITY— LYNCHBURG, VIRGINIA 
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FACILITIES 


Research and Development Center 


Throughout its history, B&W has maintained a research 
and development program for continued improvement in 
product design, fabrication and performance. This activ- 
ity is now expanded and centered in a new and fully 
equipped center at Alliance, Ohio. Laboratory activities 
are conducted along two major lines. The Products Section 
is engaged in research, development, investigation and 
pilot-plant tests of boilers, fuels and fuel firing devices, as 
well as special products equipment. The Materials Section 
conducts research projects leading to improvements in 
present materials or the development of new materials used 
in the construction of products. In addition to laboratory 
pilot-plant tests, the specific value of product developments 
is confirmed in the field by a thorough analysis of product 
performance. 


RESEARCH CENTER—ALLIANCE, OHIO 
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FACILITIES 


Bailey Meter Company 


Bailey Meter Company’s principal service is that of guid- 
ing capital goods industries in the conservation and intelli- 
gent use of the world’s natural resources — principally fuel. 
Bailey products have played an important part in reducing 
the fuel consumed for electric power generation. Approxi- 
mately 90 per cent of the central station steam power 
plants in the United States use Bailey equipment. 

Bailey equipment is also used in iron and steel making, 
metals refining, pulp and paper manufacture, cement 
and ceramics manufacture, chemical production, petroleum 
refining, food processing, and atomic energy plants. Its 
instruments and controls also find use on merchant and 
naval marine power plants, among which are the SS United 
States and many newly designed naval ships, including 
those operated by atomic energy. 


CLEVELAND, OHIO 


WICKLIFFE, OHIO 
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FACILITIES 


Diamond Power Specialty Corporation 


Diamond’s principal services have to do with the mainte- 
nance of high rates of heat transfer, and safe and economi- 
cal operation of steam generating equipment. Maintenance 
of high boiler availability and high rates of heat transfer is 
accomplished by the periodic efficient removal of soot, ash 
and slag deposits from the heating surfaces of steam gen- 
erating equipment by means of many types of soot blowers 
— manual and automatic. The Company contributes to safe 
and economical operating practices through supplying such 
products as Diamond Bi-Color and Clear Vision Gages, 
Water Gage Valves, and High and Low Water Alarms 
which are used to provide visual observation and conse- 
quent assurance of proper water levels in boiler drums in 
central stations and industrial plants. It also has developed 
and supplied television equipment designed for viewing 
boiler water levels and furnace ignition from a distance. 
The Diamond Utiliscope, as the device is called, is also 
used in industries such as steel, metalworking, coal, cement, 
sugar and railroad, and in schools and banks. 


LANCASTER, OHIO 
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THE BABCOCK & WILCOX COMPANY 


161 East 42nd Street, New York 17, N.Y. 
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“Coal Crushers 


Soundly engineered and constructed to give you many years 
of high volume crushing at low operating costs. 


1. Oversize bearings. More efficient crushing design which permits 


slower operating speeds and less power con- 
2. Alloy Steel heat treated rotor shaft. sumption per ton of coal crushed. 


3. Heavy rib reinforced housing with renewable 7. Dual adjustment to give fiexibility of size 
liners and tramp metal pocket. control and to compensate for wear. 
. Maximum flexibility of rolling ring rotor pre- 
vents injury from tramp iron. 
5. Exclusive American-Originated rolling shredder 9. Full width screening area gives faster discharge 
ring which splits coal instead of crushing it. of reduced product. 


Coal Crushers exclusively, from Sample Crushers to Capacities of 800 TPH © Write for literature stating capacity 
you need. 


4. Manganese Steel crushing elements. 
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Wrought Iron 


HERE THE DIFFERENCE 


These are actual photographs of fractured pieces of 
wrought iron and steel. Photo at left shows how the 
fibrous structure of wrought iron differs from that of steel. 

Many thousands of glasslike iron silicate fibers en- 
trained in the pure base metal account for wrought 
iron’s unique structure. Duplicated in no other metal, 
this structural feature gives wrought iron its superior 
resistance to corrosion and fatigue stresses. 


While initial cost may be higher, case histories of 
countless applications prove wrought iron the most 
economical buy because it lasts so long in actual service. 
Ask the Byers Field Service Engineer to show you 
fractured pieces similar to those shown above. For 
further information write for our booklet, Piping for 
Permanence. A. M. Byers Company, Clark Building, 
Pittsburgh 22, Pennsylvania. 


BYERS Wrought Iron Tubular and Hot Rolled Products 


ALSO ELECTRIC FURNACE QUALITY STEEL PRODUCTS 


Corrosion costs you more than Wrought Iron 
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Specify Klinger Gaskets to avoid frequent and costly downtime caused by joint 
failures. In Refineries and Chemical Plants the world over Klinger Gaskets are 
reducing downtime . . . stepping up production by keeping the toughest 
temperature/pressure joints TIGHTER—LONGER. Available in sheet or 
ready cut gaskets from agents in all principal cities. Thicknesses from .008” 


to 1/4". Sheet sizes to 60” x 160’. 


“2 

HMlingcril — Universally used sheet packing 
for super-heated and saturated steam, hydraulic 
pressures, compressed air, gases, chemicals, oils, 
spirits and ammonia solvents. 


— Oil resistant sheet packing 


intended for use in oil refining and distributing 
as well as for use with methyl-chloride and 
sulphur dioxide. 


° 
— Acid resisting sheet 
packing, produced especially to resist hot nitric, 


hydrochloric and sulphuric acids, as well as most 
other organic and inorganic acids. 


Mngeuit Wire reinforced sheet 


packing for extremely high pressures and tem- 
peratures. Specially suitable for cylinder head and 
exhaust joints in internal combustion engines, 
gas turbines, etc. 


RICHARD KLINGER INC. 550, FOURTH AVENUE, BROOKLYN 15, NEW YORK 


SOUTH 8-6747 
Manufacturing Licensees for Canada 
JOSEPH ROBB & COMPANY LIMITED, 5575, COTE ST. PAUL ROAD, MONTREAL, 20, CANADA 
Telephone: WILBANK 3181 
Branches at: SYDNEY, HALIFAX, OTTAWA, TORONTO, HAMILTON, WINNIPEG, EOMONTON, VANCOUVER, QUEBEC CITY 


RICHARD KLINGER LIMITED, KLINGERIT WORKS SIDCUP, KENT, ENGLAND 


GA27/57/) 
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NATIONAL SEAMLESS Pipe, 24-inch diameter, 
assembled in insulated shell. 


24-inch USS NATIONAL SEAMLESS PIPE carries 
steam at 400 psig across heart of New York 


lin TREND towards centralized air 
conditioning in New York’s office 
buildings, hotels and new apartment 
houses in recent years has created a 
demand for increased steam service. 
Although Consolidated Edison Com- 
pany’s present facilities are ade- 
quate, it was felt that future require- 
ments would be much greater in the 
downtown financial district. Thus, 
the need for more steam. 

The most economical and prac- 
tical method of expanding facilities 
was to run a high-pressure steam 
main from the company’s East River 


Station—where steam could readily 
be made available—to the present 
downtown Manhattan Burling Slip 
Station. 

To meet the immediate and antici- 
pated demands of Manhattan, a main 
of NATIONAL SEAMLESS Pipe, 24-inch 
in diameter, operating at 400 psig 
and 500°F., was installed. About 
14,000 feet of NATIONAL SEAMLESS 
were used in the installation. 

It’s no surprise that NATIONAL 
SEAMLESS was specified for this in- 
stallation, since grueling service like 
this calls for the very best in piping. 


USS NatTIONAL SEAMLESS has never 
been surpassed for power service, 
even under the most severe operating 
conditions. Pierced from solid billets 
of steel, NATIONAL SEAMLESS Pipe 
and Tubes have the strength, uni- 
formity, and dependability of solid 
forgings. They remain structurally 
sound under high temperatures and 
intense pressures. 

For more information concerning 
USS NATIONAL SEAMLESS Pipe, write 
to National Tube Division, United 
States Steel Corporation, 525 Wil- 
liam Penn Place, Pittsburgh 30, Pa. 


NATIONAL TUBE DIVISION, UNITED STATES STEEL CORPORATION, PITTSBURGH, PA. 
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Correct Lubrication in Action... 


LUBRICANT CONSUMPTION 
CUT 30% PER KW/HOUR! 


One of many maintenance savings 
achieved at Hershey Chocolate Corporation plants 
with the help of Socony Mobil 


Specify Socony Mobil 
and get service like this! 


ty 4 
Moulding famous Hershey bars 
at world’s largest chocolate 
manufacturixg plant. 


Hershey's steam turbo-generators 
develop over 84 million kilowatt- 
hours annually to supply its 2066-ton 
refrigeration units and other power 
plant needs. Records show that rec- 
ommendations by Mobil engineers 
have cut lubricant consumption by 
30%, per kilowatt-hour. Not a single 
hour has been lost due to faulty lubri- 
cation . . . extremely little wear shown 
on refrigeration compressor parts— 
over a ten-year period. \n addition, 
production has been improved, main- 


tenance costs cut in many other ways. 

Here is another example of Correct 
Lubrication in Action . . . of the en- 
gineering services you get when you 
rely on Socony Mobil products. You 
get complete analysis of your plant's 
lubrication needs . . . recommenda- 
tions of correct lubricants . . . plant 
training of your personnel in proper 
lubrication procedures . . . laboratory 
analyses of products in use . . . prog- 
ress reports on benefits achieved. Can 
you afford to accept less for your plant? 


Leader in lubrication for 91 years 


SOCONY MOBIL 


Leakage eliminated by 
correct grease 
Oil leakage through flexible couplings 
formerly necessitated make-up four 
times a year. Mobil representative 
recommended greases instead. No 
make-up required for last two years. 


Over $2000 saved in 
reclaimed oil 
Following recommendation of Mobil 
engineer, Hershey plant began re- 
claiming oil. Now standard proce- 

dure, it saves over $2000 annually. 


Storage inventory reduced 
43 grades of lubricants used over a 
period of years were replaced with 21 
Socony Mobil oils and greases. This 
reduction in inventory cut handling 
and accounting time. 


A proved program to cut maintenance costs 


SOCONY MOBIL OIL COMPANY, INC., and Affiliates: MAGNOLIA PETROLEUM CO., GENERAL PETROLEUM CORP., MOBIL OVERSEAS OIL CO., IN 
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Twin track hopper receives run-of- 
mine coal from cars assisted by car 
shaker, and loads double recipro- 
cating plate feeder. 


Plate feeder discharges to inclined 
Belt Conveyor # 1=212' long. Mag- 
netic pulley ejects tramp iron at 
discharge to crusher or by-pass 
chute. 


Under crusher, coal can be fed to 
Conveyor #2 or #4. Coal sampling 
equipment is located in chute to 
Conveyor #2. Inclined Conveyor #2 
is 341° long from crusher house to 
Conveyor +3 (over bunkers in main 
building). 

@ 

ae 

Conveyor #3, equipped with auto- 
matic self-propelled Webster trip- 
per, distributes coal to 104’ long 
This WEBSTER 300-ton-per-hour coal handling sys- ~ ee » bunker. Each compartment of bunker 
tem built for the City of Richmond, Indiana, could ff | has Webster gate and scale to 


well be described as ‘‘an introduction to automa- 
tion.” It was designed to meet the most modern 
requirements for automatic, efficient handling of 
coal, with a minimum of maintenance and opera- 
tional attention. In addition to the conveying 
system, WEBSTER also supplied the masonry crusher 
house, which includes dust-tight control room, 
locker room, bulldozer garage, plus crusher room 


automatically record fuel used. 
See eee 


Se 
Stocking-out Conveyor #4 is 43’ 


long and discharges to yard stor- 
age. Coal is reclaimed through 


and sampling equipment. — 3 system as previously described. 


Whether you intend to construct a new power plant 
or modernize an old one, WEBSTER engineers will 
be pleased to cooperate with your engineers or 
engineering firm in applying 81 years of WEBSTER ith 
experience to your coal-handling problems. Write 
Dept. P-97 today. The complete coal handling system 
is electrically interlocked for move- 
WEBSTER MANU FACTURING, INC. \ ment of coal without fear of jam-up. 
TIFFIN, OHIO 


Offices in All Principal Cities 3% Bee 


LK MATERIALS H ING EQUIPMEN 


SINCE 1876 
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WHEN THE HEAT’S 


you. can't heat “Featherweight” 


Let’s face it—when the chips are down, and heat insulations 
are being weighed in the balance, you just can’t do better 
than K&M ‘“Featherweight’’® 85% Magnesia for its 
important temperature range. 


If the bulk of ~~ heated lines and equipment falls in 
the below-600° F range, you need ‘‘Featherweight.”’ If 


your insulation must resist thermal shock and routine 
mechanical abuses, you need ‘‘Featherweight.’’ If your 
plans call for all-around proven efficiency that lasts the life 
of the insulated equipment, you need ‘‘Featherweight.” 


Your K&M distributor-contractor will tell you how 
easy-handling ‘‘Featherweight”’ pipe and block insulations 
are. He can supply you with the complete K&M family of 
high- and low-pressure insulations. For technical literature, 
drop us a card outlining your heat-conservation problem. 


KEASBEY & MATTISON 
COMPANY AMBLER, PENNSYLVANIA 


InCanada: Atlas Asbestos Company, Ltd., Montreal, 
Toronto, Winnipeg, Vancouver, and Edmonton 


FOR TEMPERATURES UP TO 1900° F... economical ‘‘Feather- 
weight”’ is used on this high-pressure heater in double-layer 
staggered-joint application with K&M Hy-Temp Insulation. 
First layer, Hy-Temp, brings surface temperature down to 
600°F or below; ‘“‘Featherweight”’ layer does the rest. You 
save in initial cost, and again in long-run heat-conservation. 
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SPECIFICATIONS 
Capacity. . . . 250,000 pounds of steam per hour 


Design Pressure. . . 450 pl. 
Operating Pressure (at super-heater). . . 425 psi. 


* 
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Fe 


Steam Temperature eee eevee 675°F. 
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ELECTRUNITE Boiler 


speed 


“In Service on Time”! That is the target of 
Combustion Engineering, Inc., general boiler 
designers and erectors now working on the 
construction of a new boiler installation 
for the Magnolia Petroleum Company at 
Beaumont, Texas. 


And past performance-records indicate Com- 
bustion Engineering will make this target, too, 
aided by the reliability, dependability, worka- 
bility of Republic ELECTRUNITE® Boiler Tubes. 


This Magnolia Petroleum Company installa- 
tion has a design pressure of 450 psi., operating 
at 425 psi. at superheater outlet with a total 
temperature of 675°F., 250,000 pounds of 
steam per hour. Republic ELECTRUNITE meets 
every job requirement. 


Each length of Republic ELECTRUNITE Boiler 
Tubing is hydrostatically or electronically tested 


installation, assure top performance 


to conform to the applicable ASTM specifica- 
tions and the requirements of the ASME Boiler 
and Pressure Vessel Code, as well as local, 
state, and boiler-insurance requirements. In addi- 
tion, Republic ELECTRUNITE is approved on an 
equal basis with tubes made by any other pro- 
cess up to 850°F. It is available for pressures over 
2000 psi. in various sizes and wall thicknesses. 


That is why more and more Republic ELEC- 
TRUNITE Boiler Tubing is specified by design- 
ers, engineers, and erectors for vital steam gen- 
erating units operating in every industry and 
community field. 


Your local Republic representative will be 
happy to supply you with all the facts on Repub- 
lic ELECTRUNITE Boiler, Condenser and Heat 
Exchanger Tubing. Call today, or send coupon 
for literature. 


Uniform ductility of Republic ELECTRUNITE Tubing makes bending 
to a precise contour easy. These units have been tack welded, 
shipped, are ready for final installation. Saves time in handling, 
transportation and erection, 


SPECIFY FARROWTEST® — the most conclusive, nondestructive electronic tubing test 
in use today. Developed by Republic, FARROWTEST provides detector coils that 
can electronically spot defects in tube walls which would be hidden from routine 
test procedures. 


REPUBLIC STEEL CORPORATION 

DEPT. C-4312 

3144 EAST 45th STREET, CLEVELAND 27, OHIO 
Please send the following literature: 


Oo booklet giving facts on ELECTRUNITE Boiler 
ubes 
0 Eight-page brochure on ELECTRUNITE Heat Exchanger 
Tubing 
0 Carbon Steel 0 Stainless Steel 


0 Handy wall chart on care and maintenance of boiler tubes 
0 FARROWTEST brochure 


Company 
Address. 


City. Zone State 
Leas 
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STILLWATER 
CERT-A-BAR™ 
TUNNEL 
CONDUIT 
SYSTEM 


vital consideration in selecting 
tion . . . not for one year or five, 


\ 


New ceramic Cert-A-Bar Pipe Support Blocks eliminate the 
need for interior cast iron rests. The perforated block is laid as a 
structural support member at regular intervals, and the bars 
are simply inserted and locked in place. 


an underground conduit system is permanent protec- 
but for the life of the piping. You get the best possible 


protection for your underground metal service piping with a Stillwater Conduit System of 
vitrified clay. It’s chemically inert—can’t rust, rot, corrode, or decay . . . ever. And it is 
manufactured in accordance with ASTM specification C-13-54, assuring proper strength and 
quality. Any combination of service piping can be protected. Conduit is available in a wide 
range of sizes, with a complete line of fittings and accessories, including alignment guides, 
lateral guides, and anchors. Any contractor’s crew can handle the installation easily, or if 
you prefer, Stillwater Licensed Installers will assume the responsibility. The Cert-A-Bar 
Tunnel System can be installed with any of three suggested new waterproofing specifications 
—one for average conditions, one for intermittent ground water conditions, and a third for 
high water table conditions. It’s the lowest-cost conduit per year of service that you can 
specify or install! 


THE CERT-A-BAR SYSTEM HAS 
ALL THESE IMPORTANT ADVANTAGES 


Inherent structural strength for permanent protection 
Complete flexibility for design 


Minimum initial and long-term costs 
Quickly installed 
Keeps pipe insulation dry 


No electrolytic corrosion of piping 
@ No maintenance required 


A few of the hundreds of possible combinations of piping 
for the Cert-A-Bar Tunnel System are shown at left. 


WRITE FOR 


i ed, four- ircul ith 


*T.M. Reg. App. For. 
Patents Pending 


The Stillwater Clay Products Co. 
STILLWATER CONDUIT DIVISION 


CONDUITLO< 
SYSTEMS 


75TH ANNIVERSARY * POWER * SEPTEMBER 1957 


for underground piping! 
Be: ‘ H 
| Max 
\ 
D 
dears 
4 | 
i 
Ny \\ | e 
@*. 
= 
| | 
4 
A* 78 


GENERATOR 
109th Year 


PIONEERS POWER PROGRESS 


We at Ames are proud to salute Power Magazine on 
its 75th Anniversary of editorial service to power prog- 
ress. Back in 1882, when the first issue of Power was 
published, we had been serving the power industry 
for 34 years. 


We believe that Ames and Power, over these years, have 
been dedicated to the same basic ideals. Whether a 
boiler or a publication, it is the experience and integrity 
of the people who put it together that determines the 
character of the finished product. 


Today, we at Ames are building new and better 
Amesteam Generators. Our essential principles are the 
same as those which guided the manufacture of our 


first products over 100 years ago. . . engineering 
experience, quality materials, unsurpassed production 
techniques. These traditional Amesteam ingredients 
result in a simple — yet 100% complete — “Package” 
Boiler which assures the user high efficiency, low 


maintenance and rugged dependability. 


We are working Today to make our product better 
Tomorrow. That’s what we mean by “Pioneers in 


Power Progress’’. 
IRON 


AMES 


BOX H-97 OSWEGO, N.Y. 
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TWO-YEAR TEST PROVES 
“SCOTCHRAP” STOPS CORROSION 


UNPROTECTED PIPE shows the effects of the corrosive action 
of the water splash from the cooling tower. Severe scaling 
and pitting are evidenced, and these pipes must be replaced. 
Water was highly corrosive due to acids and chemicals used 
for scale and algae control. 


@ If you have corrosion problems, why 
not let us send you the complete story on 
“ScotcHrap” —the tough, pressure-sensitive 
polyvinyl-chloride tape that gives complete 
corrosion protection. Just write on your letter- 
head to 3M Co., St. Paul 6, Minn., Dept. OO. 
97. 


How the test was made: 


“ScorcuraP” Brand Pipe Insulation really got 

1 “acid test” in this installation. In the photo 
at left, the two far pipes feeding into a com- 
pressor station cooling tower were covered with 
“ScoTcHRAP”’ Pipe Insulation. ..the near pipes 
were protected with the best available paint. 
From March 23, 1954, when the “ScoTcHRAP” 
and paint applications were made, until April 
4, 1956, when the insulation was removed and 
these photos taken, these pipes were subjected to 
spray of the acid and chlorine bearing water 
from the tower, as well as sunlight and weather- 
ing. Average operating temperature of the pipes 


was 150° F. 


““SCOTCHRAP” COVERED PIPE looked like this when unwrap- 
ped —so perfectly intact you can still see the imprint of the 
“ScorcHrap” Adhesive on the prime coat. When prime coat 
was scraped away, pipe metal underneath was shiny, sound, 
good as new! 


Reg. U.S. Pat. Off. 


SCOTCHRAP 


BRAND 


PIPE INSULATION 


The term “Scorcnrap” is a registered trademark of Minnesota Mining and Manufacturing Co., St. Paul 6, Minn. Export Sales Office: 99 Park 3M} 


Avenue, New York 16, N. Y. In Canada: P.O. Box 757, London, Ontario. 
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WHIRLEX dust collecting efficiency begins with “tailored” planning. 

. Each dust collecting problem... whether nuisance elimination 

or process material recovery . . . gets special study and handling. 

| | SE VA Fiy AsH ARRESTOR engineering solves each problem with a 

*PROBLEM SOLVERS completely integrated, shop-assembled WHIRLEX Dust Collector 
FLY ASH ARRESTOR'S research labor- Unit specifically designed and constructed for the job. 

ute, WHIRLEX heavy-duty industrial exhaust fans are available to 

facilities are fotolly setup ond especially handle any air moving problem. WHIRLEX standard forced and 
experienced to provide a "“dollar- induced draft fans are available for boiler applications. 

saving” solution to the most perplexing WHIRLEX equipment assures maximum efficiency right from the 

dust collecting problem. Tell us about start .. . and continues to pay off with consistently low operating 

your conditions ... what you want done! and maintenance costs. 


¢ CTF Mechanical Gas Centrifuge Collectors e MTSA 9CYT Multiple Cyclone Collectors 
e Induced Draft Fans ¢ Forced Draft Fans ¢ Special Duct Work 
48, Self-Supporting Stacks Support Structures 


WHIRLEX 


Write today for complete engineering data... 


THE FLY ASH ARRESTOR CORPORATION 


276 North First Street Birmingham, Alabama 
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Practically 


100% PROTECTION 


AGAINST GALLING AND SEIZING OF 
THREADED CONNECTIONS 


MOLYKOTE LUBRICANTS 


Every power engineer realizes that the extreme 
pressure in threaded connections is carried at a 
series of contact points on the mating surfaces... 
the number of contact points increasing with load. 
Since these points of contact are not spaced sym- 
metrically about the thread circumference, off- 
center loads increase the severity of the contact 
pressures and frictional conditions. 

Liquid lubricants are ineffective under these load 
conditiong and seizing and galling often occurs when 
make-up ot break-away torque is applied. 


MOLYROTE | 


Hundreds of threaded connections in a turbine are 
subjected to temperatures which may go as high as 
1100°F. Inset. These threads were coated with 
MOLYKOTE and show little wear after a year's service. 


MOLYKOTE Lubricants exhibit the lowest coeffi- 
cient of friction of all solids at extreme bearing 
pressures and offer the highest resistance against 
galling and seizing. Because of their strong affinity 
for attachment to metal, they cannot be wiped off. 
MOLYKOTE used in threaded connections, remains 
effective at temperatures in excess of 1100°F. 


The annual saving which MOLYKOTE Lubricants 
make possible in the elimination of damage to 
threaded connections runs into fantastic figures. 


Send for Field Reports 9, 19, 30 and 46; Lubrication Newsletter #2, and 
“Breaking Lubrication Barriers”. 


Main Factories: 65 Harvard Ave., Stamford, Conn. 
71 Arnulfstrasse, Munich 19, Germany 
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for POWER and STEAM GENERATING PLANTS 
ALUMINUM, STAINLESS or GALVANIZED STEEL 


In today’s modern powerhouses, Insulated Metal Curtain Walls have become 
the accepted construction. For these necessarily-high structures, light-weight, 
permanent metal curtain walls offer savings in both cost and construction time 
that cannot be disregarded ... in some structures the savings amount to one- 
half the cost of masonry walls. In recent years, sixty-seven powerhouses have 
been constructed with Mahon Insulated Metal Walls alone .. . bright metal— 
aluminum or stainless steel—has been employed for all exterior surfaces or in 
combination with brick and other materials to produce structures of attractive 
and distinctive appearance. The powerhouse below is an excellent example. 
Mahon Insulated Metal Walls are selected in most cases because: (1) Vertical 
joints between exterior wall plates are invisible—symmetry of pattern 
is uninterrupted across the wall surface. (2) Walls can be field-constructed 
up to sixty feet in height without a horizontal joint. These two features which, 
from an appearance standpoint, are extremely important in powerhouses 
where high expanses of unbroken wall surface are common, were engineered 
into Mahon walls to provide a wall surface without unsightly joints. You, too, 

FLUSH, RIBBED, or FLUTED will want these “better-look” features in the metal curtain wall you select for 
Over-all “U” bitter of Sastens Types i is Equivalent your next project. See Sweet's Files for information or write for Catalog W-57. 


to or newer than Conventional 16” Masonry Wall THE R. C. MAHON COMPANY ec Detroit 34, Michigan 
“a Sales-Engineering Offices in Detroit, New York and Chicago © Representatives in Principal Cities 


Manufacturers of Insulated Metal Walls and Wall Panels, M-Floors (Electrified Cel-Beam Floor Systems), 
Permanent Steel Floor Forms, Steel Roof Deck and Long Span M-Decks, Rolling Steel Doors, Grilles, 
and Underwriters’ Labeled Automatic Rolling Steel Fire Doors and Fire Shutters. 


AN 
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One of the biggest headaches in regu- 
lating valve maintenance is repacking 
stuffing boxes. 

How often a valve needs repacking, 
how much time it takes, and the cost 
of the system downtime all vary with 
the construction of the regulator and 
the service it’s used for. No matter 
how you calculate all these variables 
it’s still a headache—and an expensive 
one. 

In the temperature regulator shown 
above (Spence Type ET150) stuffing 
boxes are eliminated. This is done by 
what is known as “balanced” dia- 
phragm construction. You can see in 
the cutaway drawing that pressure is 
applied to both sides of the large metal 
diaphragm. The upper side is exposed 
to delivery steam pressure and the lower 
side is exposed to loading pressure ap- 
plied by the pilot. When the pilot 
closes, both delivery pressure and load- 
ing pressure are equalized through the 
bleedport and connecting tubing. 

This construction not only does away 
with repacking problems, but it makes 
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possible additional savings as well. For 
example, you will note in the sectional 
blow-up that this design eliminates a 
closely fitted stem and guide. Dirt or 
other foreign matter doesn’t have much 
of a chance to lodge between these parts 
and cause sticking. 

Another cause of binding or sticking, 
uneven expansion of closely fitted parts, 
is also eliminated with this design. In 
addition, valve stem wear is reduced 
for the same reason. 


Lower maintenance is not the only 
advantage of this packless construction. 
Accuracy of regulation is also improved 
because friction due to a stuffing box, 
dirt, or uneven expansion is not a prob- 
lem. The large, balanced metal dia- 
phragm is more sensitive to slight 
changes in pressure. 


Guaranteed Not To Wiredraw 


If seats and discs are cut by steam 
(wiredrawn) the loss of steam through 
these grooves can be another expensive 
item — directly charged against the 


Shown here is the single-seat packless construc- 
tion of the Spence ET150 Temperature Regulator. 


regulating valve. Fortunately, you can 
eliminate these costly leaks by specify- 
ing a temperature regulator that is 
guaranteed not to wiredraw. 

Spence makes such a guarantee be- 
cause their seats and discs are made of 
SECO Metal. Over 20 years experience 
with this special alloy has failed to pro- 
duce a single case where a SECO Metal 
seat or disc had been cut by steam. All 
that’s required is an approved strainer 
located ahead of the regulating valve. 
Expensive steam leaks just can’t hap- 
pen with this combination of SECO 
Metal and single-seat design. 

If you would like to have more 
information on Spence Temperature 
Regulators, drop us a line and ask for 
Bulletin T150. It gives more detailed 
information on these and other Spence 
design features. Piping layouts and 
helpful information on the installation 
of temperature regulators are also in- 
cluded. Write for your copy today. 


SPENCE ENGINEERING COMPANY, INC. 
Walden, New York 
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CONVEYOR BELTING 


systems 
and equipment 
for industry 


Yj 
POWER TRANSMISSION \ 
mol, 


Rolling a mountain into a lake — Salt Lake, Utah. 


DESIGN ENGINEERING, MANUFACTURE, 
INSTALLATION, AND SERVICE BY HEWITT-ROBINS 


A belt conveyor system is more than just a belt . . . it’s a complex inachine. Only one company designs, engineers, manu- 
factures, installs, and services all the major components of a complete belt conveyor system to handle materials in bulk . . . 
Hewitt-Robins, Stamford, Connecticut. 

Whether you oF a complete belt conveyor system or a single component part; whether the duty be heavy or light, 
Hewitt-Robins skill and experience can provide you with better integrated systems and equipment because each manufactur- 
ing division specializes in its own phase of design and manufacture. 

In addition, strategically located warehouses across the country are ready to provide better service for users of H-R industrial 
rubber and machinery products . . . for faster fulfillment on new orders . . . for faster delivery of replacement parts . . . for 
fewer lost production hours when mechanical breakdowns occur. 


ROBINS ENGINEERS DIVISION 
Specializes in design engineering and construction of bulk materials handling systems for conveying, screening, crushing, 
stacking, storing, blending, mixing, and reclaiming. Our engineering offices — located in New York, Chicago, Los Angeles, 
and Glenbrook, Connecticut — and plant research staffs working together in constant association, draw from each other’s 
experience to provide better systems and equipment. 


HEWITT RUBBER DIVISION 
Manufactures conveyor, elevator, and transmission belting; industrial and petroleum hose; molded rubber goods; and silicone 
rubber products. With completely modern facilities to construct rubber conveyor belting up to 72” wide, Hewitt also main- 
tains more than 1000 active hose specifications to meet application requirements in every industry. In this division, advanced 
developing and testing of conveyor belting is conducted by a research group in fully equipped laboratories. 


ROBINS CONVEYORS DIVISION 
Manufactures a wide range of heavy duty, sectional and mine-type belt conveyors, belt conveyor idlers, and miscellaneous 
belt conveyor machinery. In addition, Robins manufactures the broadest line of vibrating equipment for sizing, washing, 
feeding, conveying, and scalping operations. This division also produces foundry and ee car shakeouts, equipment for 
self-loading boats, and various kinds of specialized belt conveyor machinery. The plant is on the site where the first belt 
conveyor idlers were developed and manufactured by the Company’s founder. Since that time, many additional “firsts” such 
as car shakeouts, moving sidewalks, “hi-G” vibrating screens, and ore blending devices, have been a direct result of 
co-ordinated company research. 


JONES MACHINERY DIVISION 
Manufactures power transmission equipment for industrial applications including speed reducers, pillow blocks, car pullers, 
couplings, gear drives, gears, hoists, pulleys, shafts, etc. Jones is a leader in supplying speed reducers of all types. Specializ 
knowledge and experience has earned for this organization a name synonymous with sturdy construction, lasting quality, 
and reliable service. 


KORB - PETTIT, INC. Conse 
Manufactures screen cloth and woven wire belting. Screen cloth is available with all types of steel and ductile metals. Woven 
wire belting is available in conventional and special weaves for various applications ranging from quick freezing to copper 
brazing at 2100° F. 


-ower station lignite processing— Rockdale, Texas Coal processing — Fairless Hills, Pennsylvania Ore and limestone stacking — San Antonio, Tex: 


for conveying, 

screening, crushing, 
stacking, storing, blending, 
mixing, and reclaiming 


PRODUCTS AVAILABLE 
THE WORLD OVER 


conveyor belting 


vibrating screens 


screen cloth 


power transmission industrial hose woven wire belting 


HEWITT-ROBINS 


RUBBER 
BELTING 
Conveyor 
Elevator 


Transmission 


‘ MACHINERY 
PRODUCTS 


| Belt Conveyor Systems 


Belt and Bucket Elevators 
Car Pullers 
Car Shakeouts 
| Chutes 
Conveyor Idlers 
| Conveyor Pulleys 

Couplings 
Crushers 
Dewaterizers 
Digging Reclaimers 
Door Hoists 
Drives 
Feeders 
Foundry Shakeouts 
Gates 
Gear Reducers 
Holdbacks : 
Mine Conveyors ee 
Pillow Blocks ft 
Power Transmission Equipment 
Pulleys 
RoBINtronic Bin Level Indicators 
Screen Cloth 
Sectional Conveyors 
Self-Unloading Boat Mechanisms 
Shafts 
Skip Hoists 
Speed Reducers 
Stackers and Booms 
Storage and Reclaiming Systems 
Takeups 
Trippers 
Vibrating Conveyors 
Vibrating Feeders 
Vibrating Screens 
Winches 
Worm Gears 
Worms 
Woven Wire Belts 


INDUSTRIAL 


PRODUCT MANUFACTURING PLANTS 


ILLINOIS, Chicago 24, Jones Machinery Division, 
4401 W. Roosevelt Road 
NEW JERSEY, Passaic, Robins Conveyors Division, 
270 Passaic Avenue 
NEW YORK, Buffalo 5, Hewitt Rubber Division, 
240 Kensington Avenue 
PENNSYLVANIA, King of Prussia, Korb-Pettit, Inc. (Subsidiary) 
Henderson Road and Queens Drive 
CANADA, Montreal, P.Q., Hewitt-Robins (Canada) Ltd., 
2052 St. Catherine St., W. 
FRANCE, Paris, Hewitt-Robins Internationale, 9, 
Boulevard des Italiens 
SOUTH AFRICA, Johannesburg, Robins Conveyors (S.A.) Ltd., 
260 Market Street 
ENGLAND, London W 1, Hewitt-Robins (Great Britain) Ltd., 
8 Cavendish Place 
NETHERLANDS, Amsterdam, Hewitt-Robins (Holland) N.V. 
57 Vandelstraat 


EXPORT DEPARTMENT 
NEW YORK, New York 17, 370 Lexington Avenue 


manufactures: 


HOSE 
PRODUCTS 


Abrasive Suction and Discharge 
Acetylene 

Acid 

Agricultural Spray 

Air 

Air Drill 

Air Signal 

Ammonia 


Barge Loading 
Blowout Preventer 
Brewers’ Wine and Vinegar 


Cement Placement 
Chemical-Booster 
Collapsible Aviation Refueling 
Creamery and Packers’ 
Dredge Sleeves 

Dust Suction 

Fire 

Flexible Vibrator 

Flue Cleaning 

Fuel Oil and Gasoline 
Garden 

Gasoline Pump 

Hard Rubber Suction 
Hydraulic, Jetting and Grout 
Industrial Vacuum 
Insulation Blowing 


Molasses Suction and Discharge 


Mud Pump Suction 


Oil and Gasoline 
Oil Suction and Discharge 


Paint Spray 

Pinch Valve 

Pneumatic Tool 
Propane Undersea Hose 
Propane-Butane 


Propane Tanker Loading and Unloading 


Road Builders’ 
Rotary Drilling 


PRODUCTS DIVISIONS 


REGIONAL OFFICES 


Sand Blast 

Sand Suction 

Sea Loading 

Servall, All-Service 

Slim Hole Rotary 

Solvent Handling 

Steam 

Street and Sewer Flushing 
Suction 


Tank Car 

Tank Truck 

Tank Wagon 

Truck Transport 
Water 

Water Suction 
Welding, Twin-Weld 
Well Drilling 


Molded Rubber 
Goods 


Silicone Rubber 
Products 


CALIFORNIA, Los Angeles 22, 2604 South Malt Avenue 
ILLINOIS, Chicago 6, 402 W. Randolph Street 

NEW YORK, New York 17, 370 Lexington Avenue 
TEXAS, Houston 11, 5711 Navigation Blvd. 


WAREHOUSES 
ALABAMA, Birmingham, 3118 Third Avenue South 
CALIFORNIA, Los Angeles 22, 2604 South Malt Avenue 
COLORADO, Denver 16, 4975 Jackson Street 
ILLINOIS, Chicago 6, 402 W. Randolph Street 
MASSACHUSETTS, Boston 22, 69 Tenean St., Dorchester 
NORTH CAROLINA, Charlotte 6, 3601 Hutchinson Avenue 


PENNSYLVANIA, Fort Washington 
Fort Washington Industrial Park 


TEXAS, Dallas 15, 2528 Oakland Avenue 


@ HEWITT-ROBINS 


Stamftord,Connecticut 


Houston 11, 5711 Navigation Blvd. 
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A.D. Green: 
REFRACTORY 
PRODUCT 


= 

WAY manufacturing and warehouse facilities 
strategically located to save you time and costs 


CLAYBANK, SASK. TORONTO, ONT. 


ACTON, ONT. 


: souTH weaster, OAK Hitt. 


Manufacturing 
Plants 


& Warehouse stocks 
in principal cities 


11 A. P. Green manufacturing plants and ware- 
house stocks conveniently located throughout 
the United States and Canada, Save You Money 
7 Ways. 

Lower Shipping Costs . . . from nearby manufactur- 
ing of warehouse point. 

@ Lower Capital Investment . . . your capital is not 
tied up in warehouse space. 

©@ Lower Inventory Costs .. . you need inventory only 
for immediate needs. 

@ Lower Inventory Losses . . . buy on current prices 
. .. less breakage while in storage. 

@ Increase Production Space . . . free storage space 
for profitable production. 

@ Lower Labor Costs . . . deliveries to point of usage 
. .. Mo inplant moving of stocks. 

@ Maintain Steady Production ... reduce down time 
waiting for materials. 

_» Your A. P. Green Distributor is Listed In The Yellow 


Sino sa” Pages of Your Telephone Directory, or write: 
A 
_¥ A. P. GREEN FIRE BRICK COMPANY hie 
Mexico, Missouri, U.S. A. 


. J. — Sul 


io — Philadelphia, 


A. P. Green Fire Brick Company, Ltd., Toronto 15, Ontario 
} Distributors In The Principal Cities of The World 
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chy Coal and Corp.'s Clyde Equipped 
coal-handling barge handles 700 to 800 tons of coal per hour at 
their North Bend, Ohio Plant. 


FREE DIGGING UP TO 800 TONS 
OF COAL PER HOUR 


A Clyde Barge Derrick loads the coal into a barge mounted hop- 
per. Conveyors then carry it to stock piles, railroad cars or storage 
bins. Ease of operation, fast cycling, and the long-life dependabili- 
ty of Clyde material handling equipment make this Raymond 
City set-up “free from trouble since its installation.” 


Clyde Team Cuts Handling Costs 


The Clyde Derrick is only part of this lower-cost material hand- 
ling story. A powerful, efficient Clyde Hoist and Swinger actuates 
the bucket and derrick swiftly, easily and safely. 


Other Clyde team mates: Two Clyde Barge Movers accurately 
position the coal barges as unlcading progresses. Two Clyde 
Capstans handle the derrick barge mooring lines. 


There’s more profit and production in this engineered team by 
Clyde! Why not capitalize on Clyde’s fifty-eight years of engineer- 
ing and manufacturing achievements. Let the records of proven 
performance help reduce your material handling costs. There’s 
no obligation. 


CLYDE IRON WORKS, Inc. 


Established 1899 
DULUTH 1, MINNESOTA 


HOISTS : DERRICKS : WHIRLEYS : BUILDERS TOWERS 
UNLOADERS : CAR PULLERS : ROLLERS 
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Call on 
ALLIS- CHALMERS 
for 


roblems 


Here's an easy, low cost solution to problems of 
plugged pump strainers, coated heat exchanger 
tubes, coated slats in cooling towers 


Allis-Chalmers No. 120 Series Algaecide not only solves these 
common problems but does it quickly and at low cost. Its 
advantages are many: 


@ Safe to handle . . . at worst 
a mild irritant to skin and eyes 
even in concentrated form. 

® Easy to introduce into system 
using pump, drip feed, or man- 
ual feed. No expensive feeding 
equipment required. 

@ Is non-oxidizing. 


® Inhibits corrosion. 


® Has proved effective in field 
use for several years. 

® Only 2 to 5 ppm required for 
effective dosage of most or- 
ganisms. 

® No loss on passage through 
tower. 

® Low toxicity to fish or animals. 


For samples or complete information, cal! your near- 
by A-C office, or write Allis-Chalmers, Power Equipment 
Division, Milwaukee 1, Wisconsin, for Bulletin 28X8434. 


ALLIS-CHALMERS 
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Union Pacific installation (heavy dotted line) runs under pavement to various shops 
and buildings. Gilsulate has high load-bearing capacity, takes heavy pounding here. 


9250 ft. of GILSULATE- covered 
steam lines help Union Pacific 
run smoothly in Omaha 


Under tracks, alongside of tracks,under 
heavily-trafficked streets — practically 
all types of tough in-service conditions 
have been overcome by GILSULATE 
at Union Pacific Railroad’s Omaha 
installation. Running from the main 
boiler room of the UP shops to the 
Union Station, the distribution system 
consists of three sections: 1) a 2800- 
foot section of 8-inch steam line; 2) 
5300 feet of 8-inch steam and a 4-inch 
diesel oil line; 3) 1150 feet of 3-inch 
steam line branching from section (2) 
and carrying 150 psi steam plus 100 
degrees superheat. 

First installed in 1954 and continu- 
ally subjected to pounding, shock and 
vibration from heavily-loaded freight 
trains and normal yard traffic, this GIL- 
SULATE system has functioned flaw- 
lessly. 810 tons of Type C GILSULATE 
were used initially, and additional in- 
stallations are being made here and at 
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other Union Pacific yards. 

GILSULATE’s insulating efficiency, 
all-around pipe protection, and high 
loading capacity make it the ideal 
choice for this and other types of in- 
stallations. More and more, architects, 
engineers and contractors are discover- 
ing that GILSULATE provides perma- 
nent corrosion protection for hot un- 
derground pipes at the lowest cost per 
installed linear foot of any other pipe 
insulation system. 

Investigate the value of low-cost, 
easily-installed, dependable GILSu- 
LATE. See your local GILSULATE dis- 
tributor for a convincing demonstra- 
tion. Complete details are yours for the 
asking. Write the office nearest you. 


AMERICAN GILSONITE COMPANY 
SALT LAKE CITY 1, UTAH 


Affiliate of Barber Oil Corp. & Standard Oil 
Co. of Cal. OFFICES AT 134-F West Broadway 
Salt Lake City, Utah, The Agents Building, 3537 
Lee Road, Cleveland 20, O. 


An 8-inch steam and 4-inch diesel line enter- 
ing a bellows-type expansion joint in a man- 
hole; system was installed by UP crews. 


. EASY TO USE—just pour and tamp... pipe 


. FORMS 3 ZONES of protection against 


. NEEDS NO HOUSING OR MECHANICAL 


4. 
5. 


FACTS ABOUT GILSULATE 


heat does the rest. 


heat loss and all hazards commonly en- 
countered by hot buried pipes. 


SHEATHS: no mixing, special handling or 
equipment. 

ONLY NEEDS NORMAL PIPE SPACING: for 
multiple pipe or cramped conditions. 
THREE TYPES AVAILABLE: 

Type A for 220°-300°F. temp. range 
Type B for 300°-385°F. temp. range 
Type C for 385°-520°F. temp. range 


BULATE 


The Triple-Zone Insulation 
System For Lifetime Protection 
of Underground Hot Pipes 


Do you receive PIPE INSULATION NEWS? Ask to be put on our mailing list. 
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Neodesha packs 1-2 performance punch 
2| SZANODIESEL Oil M 


Nordberg Diesels 


Finkinbinder and Powell inspect oil filter used for 
filtering STANODIESEL Oil M used in all six Nord- 
berg Diesels at Neodesha, Kansas, power station. 


Quick facts about STANODIESEL OIL M 


® Keeps crankcase, pistons, cylinder walls clean. 

* Combats deposit and wear problems imposed by 
using economy fuels. 

® Maintains film on difficult to lubricate parts, 

® Eliminates spark plug fouling in spark-ignited 
gas engines and reduces combustion ch ash 


and deposits in engines burning natural gas, 
LPG and liquid fuels. 

® Eliminates fuel injector and pump sticking caused 
by deposits on injector barrel and plunger where 
fuel and lube oil mix. 


The city of Neodesha, Kansas, has six 
Nordberg engines in service. They 
have operated more than 400,000 
hours on Standard Oil diesel lubri- 
cating oils. Here is the case story of 
one of these engines. The perform- 
ance of this engine is typical. 


In 1952, the city of Neodesha installed 
a 1,750 hp., 1230 kw., Nordberg Dua- 
fuel engine. During the period be- 
tween February 14, 1952, when the 
engine went into service, and March 
1, 1956, the engine ran 34,370 hours 
out of a possible 35,784. This is 96% 
of the engine’s total installed hours. 
In this time, not even a piston or 
cylinder head was removed. So good 
was the performance of this engine 
using STanpArD HD Oil that when 
Standard introduced an improved 
diesel Oil M—in 
February, 1955, this engine was con- 
verted to this new oil. 


There is more to the story. The en- 
gine continued in service to 36,223 
hours when No. 7 cylinder liner was 
pulled to put rubber gaskets on liner 


Operator J. N. Finkinbinder (left) and Everett 
Powell, Neodesha Superintendent of Electric 
and Water Plants, adjust rocker arm assem- 
bly of Nordberg Duafuel Engine. Engine 
operated 40,431 hours before overhaul, 
carrying about 90% of load. All engines in 
service at Neodesha are Nordberg's. All use 
Standard Oil's STANODIESEL Oil M, 


to stop water leakage. At this time, 
No. 7 piston and liner were checked. 
Liner wear averaged only 0.0045 
inches. The top ring showed an aver- 
age wear of 0.016 inches. The No. 2 
ring was 0.020 inches. Little, if any, 
wear was indicated on other rings. 
Now, at 40,431 hours, the engine is 
down for overhaul of turbocharger 
and to have valves ground. Bearings 
were found.in excellent condition. 
No pistons are to be pulled. 


Get more facts about STANODIESEL 
Oil M by calling the Standard Oil 
office near you in any of the 15 Mid- 
west and Rocky Mountain states. Or 
write Standard Oil Company, 910 S. 
Michigan Ave., Chicago 80, Illinois. 


STANDARD 


STANDARD OIL COMPANY 


(Indiana) 
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The only fuel that’s 
sure to give you all 3 ! 


BITUMINOUS For evERY PURPOSE 


Ask our Man! BALTIMORE & OHIO RAHROAD, BALTIMORE 1, MD. Phone LExington 9-0400 
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Take any One 


of these three books 


FREE 


Please accept any one of these three 
books AS A GIFT—with your first 
selection chosen from the books 
listed in the coupon. 


We invite you to look over these 
fourteen books in the coupon. They 
are important technical books in- 
dispensable to a field so dynamic 
that even the well-informed can 
hardly keep up. And they suggest 
the quality of the volumes that will 
be made available to you as a Club 
member. 


Membership in the New McGraw- 
Hill Mechanical Engineers’ Book 
Club is easy and economical. The 
Club will bring to your attention 
outstanding books in your field that 
you might otherwise miss. Pessibly 
just one idea from one of these 
books could mean more to you in 
actual dollars and cents than many 
times the cost of the book. And you 
may obtain any or all selections at 
substantial savings. 


How the Club operates. The Club 
will describe all forthcoming selec- 
tions to you. Every second month 
you will receive free of charge The 
Mechanical Engineers’ Book Club 
Bulletin. This gives complete ad- 
vance notice of the next main selec- 
tion as well as a number of alternate 
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with your first selection and 
charter membership in the McGraw-Hill 


Mechanical Engineers’ Book Club 


selections. All books are chosen by 
editors of the McGraw-Hill Book 
Company whose thoroughgoing un- 
derstanding of the standards and 
values of technical literature will 
be your guarantee of the authori- 
tativeness of the selections. 


From this point on, the choice is 
yours. If you want the main selec- 
tion you do nothing; the book will 
be mailed to you. If you want an 
alternate selection or if you want 
no book at all for that two-month 
period, you notify the Club by re- 
turning the form and postage-paid 
envelope enclosed with your Bulletin. 
We ask you to agree only to the 
purchase of three books a year. 
Certainly out of the large number 
of books in your field offered you 
in any twelve months there will be 
at least three you would buy in any 
case. By joining the Club you will 
save, in cost, about 15 per cent 
from the publishers’ prices. 


Reach for your pen right now and 
fill out the coupon. You need send 
no money now. By taking advan- 
tage of this special introductory 
offer you will receive absolutely 
FREE a copy of the Compressed 
Air Handbook, or Metals Properties, 
or the Tool E 3 Handb 
together with your first selection— 
at the special club price. 


75TH ANNIVERSARY 


COMPRESSED AIR HANDBOOK 


$8.00 


Publisher’s Price: 


METALS PROPERTIES 


$11.00 


Publisher’s Price: 


TOOL ENGINEERS HANDBOOK 


$15.00 , 


Publisher's Price: 


Mail this coupon today! 


Mail to: 
330 West 42nd Street, New 


Club 
0. Box 97 


enroll me as a member "Mechanical Engineers’ Book 
Club. I am to receive FREE the book I have indicated along with my 
first selection checked below. You will bill me for my first selection only 
at the special club price, plus a few additional cents for postage and 


handling. 


(The Club assumes this char, 


ge on prepaid orders.) Forth- 


coming selections will be described to me in advance and I may decline 


any book. I 
membership. 


© Compressed Air Handbook, 2nd 
Ed., by the Compressed Air and 
Gas Institute. Publisher’s Price, 
$8.00. Club Price, $6.80 


©) Metals Properties sponsored by 
the ASME. Publisher's Price, 


$11.00. Club Price, $9.35. 


© Toot Engineers Handboek spon- 
sored by the ASTE. Publisher's 
ee, $15.00. Club Price, $12.75. 


©) Mechanism by Joseph S. Beggs. 
Publisher’s Price, $7.50. Club 
Price, 0. 


© Piping Hasdbook, 4th Ed., by 
Sabin Crocker. Publisher's Price, 
$12.00. Club Priee, $10.25. 


© Structure of Metals, 2nd Ed., 
by Charles Barrett. Publisher's 
Price, $11.00. Club Price, $9.35. 
0 Water Conditioning for Indus- 


try by Sheppard Powell. Publish- 
oe te Price, $10.00. Club Price, 


0 Dynamics of Machinery by 


neéd take only 3 selections or alternates in 12 months of 


James Hartman. Publisher's Price, 
$7.50. Club Price, $6.40. 


Principles of Metal Casting by 
Richard W. Hedne and Philip C. 
Rosenthal Publisher's 
$7.50. Club Price, $6.40. 


Contrast, and 
ng 

by Daniel Mead. Publisher's 

Price, $7.00. Club Price, $5.95. 
Fundamentals of Vibration 
nalysis by N. Myklestad. 

Publisher's $6.50. Club 

Price, $5.50 

Contro 

and Power by A. 

Schults. Publisher’s Price, Me. 50. 

Club Price, $6.40. 

Problems and Control Alr- 

Pollution edited by 8. 

Mallette. Publisher's Price, 50. 

Club Price, $6.40. 


Modern for the Engl- 
Louis Ridenour. 


edited 
Publisher's Price, $8.00. Chub 
Price, $6.80. 


No-risk guarantee. If not completely satisfied, I may return my first 
shipment within 10 days and my membership will be canceled. 


NAME. .......... 


“(Please Print) 


ADDRESS 


This offer is available on 
In Canada write McGraw 


ZONE.. 
POW 9-57 


in the United States and its possessions. 
ill Canada, 253 Spadina Road, Toronto 4. 
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SQUIRES 


Class “A” / 
Was to the way in 
Controls 


Development 


CHECK THE fe 
EXCLUSIVE 


eliminates water semnente, fast positive close prevents 


THESE SQUIRES 


FEATURES OF temperature over-ride. 
CONTROLS 


Associate the name Squires with the only really new developments 

in precise controls in more than 20 years. In addition to pioneering 

the outside pilot operated control valves and achieving a few of the 

results shown at right, Squires now announces the availability of the 

Class “A” pilot operated pressure reducing valve. Sauires Pilot Operated Pressure Reducing 


Valves — Permit precise fraction of a 
pound pressure control, guaranteed dead- 
end operation wide one step reduction 
(600 psig to ounces). 


Its extremely sensitive and immediate response to downstream con- 
trol of all fluid mediums, plus exclusive design and installation 
features, points it out as the valve of the future. It is particularly 
adaptable to Central Station operation, where space, wide adjust- 
able reductions, low maintenance and a completely self-contained 
pilot port valve is desirable. 


Write for full descriptive bulletins. 


Also manufacturers of high and low pressure traps, boiler feed- . 
Squires Pilot Operated Temperature Reg- 


water controllers, pump governors and Mouat steam specialities. 
or minus 1°F, regardless of demand 
purpose. 


THE C. E. SQUIRES COMPANY 


Over 50 Years of Dependability 
18502 SYRACUSE AVENUE . CLEVELAND 10, OHIO 
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Topside view of heater, reactors and quench towers. S-R Joints rang- 


ing up to 72” in diameter and with as many as eight corrugations 
are shown. 


At the time Texas Butadiene’s new plant was 
designed, engineers figured that the high temper- 
atures required by the process would cause ex- 
cessive pipe expansion — and possible damage 
to equipment. They solved this critical operating 
problem by specifying Badger S-R Expansion 
Joints — to absorb and control pipe movement. 

Now — with a total of 188 Badger Expansion 
Joints in operation (ranging in size from 14” to 
72”) — Texas Butadiene’s new plant at Lyon- 
dell, Texas is making processing history. De- 
signed to solve just such exacting expansion 
problems, the Curvilinear Corrugations and tu- 
bular Reinforcing Rings of S-R Expansion Joints 


insure b alizati and lon ic li Large line (air in — air out — product out) under reactors includes 
lization a Ber cycl ¢ life twelve S-R 48” stainless steel joints to handle temperatures of 1150° 
(see diagrams below). F. at 35 psig. Small evacuation line uses fourteen 16-inch S-R Joints. 


Size for size, new Badger S-R Joints weigh up 
to 50% less than conventional types . . . and 
their new ring design reduces joint diameter. A 
complete line of accessories — including covers 
and liners — is available. Write today for fully 
illustrated brochure. 


New corrugation and ring designs produce 
better equalization, ‘‘all-curve” flexing 


Curvilinear Corrugations used in S-R Ex- 
pansion Joints were developed by the 
Badger Research Department. Under oper- 
ating pressures (white line) the new design 
produces more uniform movement per cor- 
rugation and natural “‘all-curve" flexing. 
Stress is reduced ... life increased. 


Series 50 corrugation 
cross-section 


Close up of Regeneration Air Line. This line has fourteen 48” 
stainless steel S-R Joints handling temperatures over 1000° F. 


S-R Joints for higher pressures have tubular 
Reinforcing Rings. These new rings make 
metal-to-metal contact only in the “‘valley"’ 
of each corrugation allowing natural ‘‘all- 
curve" flexing (white line). Tubular shape 
permits greater effective flexing height 
which contributes to longer joint life. 


BADGER 


Series 150 corrugation 
and ring cross-section 


Q 1957 BMC 


BADGER MANUFACTURING COMPANY 
230 Bent Street, Cambridge 41, Mass. * 60 East 42nd Street, New York, New York 
Representatives in Principal Cities SEnvies RATED 


EXPANSION JOINTS 


. 

P t Equi t 
| in Texas Butadiene’s New Plan ee 
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HEAD WITH BRIDGEPORT CONDENSER TUBES. 


The longer you deal with condenser and heat 
exchanger tube corrosion problems, the more 
success you have in solving them and, just as 
important, the stronger is your position in antici- 
pating the problems that lie ahead. 

For more than 60 years, cognizance of these 
corrosion problems has guided Bridgeport’s re- 
search and manufacture of condenser and heat 
exchanger tubes for power plants. Power plant 
operators everywhere, conscious of Bridgeport’s 
knowledge and experience, specify Bridgeport 
tubes for new installations and retubing. To those 
concerned with nuclear power generation, 
Bridgeport’s knowledge and experience with cor- 
rosion problems are also important. 


The benefits of years of knowledge and ex- 
perience, plus the advantages of Bridgeport’s 
modern manufacturing facilities, are as much a 
part of every Bridgeport Condenser and Heat 
Exchanger Tube as are its specific corrosion- 
fighting qualities. 


BRIDGEPORT 


CONDENSER TUBES 
Bridgeport Brass Company, Bridgeport 2, Conn. 


Offices in Principal Cities ; 
In Canada: Noranda Copper and Brass Limited, Montreal 


Photomicrographs (75X) of Bridgeport condenser tube alloys that meet grain-size requirements of ASPM specification B-111. 


ALUMINUM BRONZE 


90-10 CUPKO NICKEL 
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Four-cylinder Cooper-Bessemers, each rated 
500 hp at 400 rpm . . . dependable source of 
compressed air to “blow down" boiler and 
lines in the El Segundo, California, steam 
station. 


UP goes economy in a “blow down” operation 
.... With Cooper-Bessemer compressors 


@ In the El Segundo steam station of 
the Southern California Edison Com- 
pany ... Cooper-Bessemer 500 hp air 
compressors deliver the flexibility and 
reliability that cuts cost and trouble 
in soot blowing service. 


Compressing air from atmosphere to 
500 psig, these motor-driven Cooper- 
Bessemers are actuated automatically 
with continued “on-off” operation 
upon pressure demand. 


The Cooper-Bessemer compactness 
feature makes these units ideal for 
limited space installation. Without 
any sacrifice of accessibility or rug- 
gedness, you save on space, housing, 
installation and piping costs. 


If your future plans include compres- 
sor service up to 6000 hp, make sure 
you check first with Cooper-Bessemer. 
Write today for additional informa- 


tion, outlining your particular re- 
quirements. 


MOUNT VERNON, 


/ 
COOPER-BESSEMER 


GROVE CITY, PENNA, 


New York City © Seattle, Wash. © Chicago, Il; © Houston, 

Dalles, Greggton, Pampa and Odesso, Texos © Washington, 0. C. 

Shreveport, la. © Son Francisco, Les Angeles, Calif. © St. Lovis, 

Mo. © Gloucester, Moss. © New Orleens, lo. * Tulsa, Okla. 

Corocos, Veneevela * COOPER-BESSEMER OF CANADA, 
Edmonton ond Colgory, Alberta, Canodo. 


DIESELS @ GAS ENGINES @ GAS-DIESELS © ENGINE-DRIVEN AND MOTOR-DRIVEN COMPRESSORS 
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Test caps applied to unit ends for air test- 
ing full-welded conduit system. 


During air test, conduit field welds are 
checked with soap solution. 


The Ric-wil method of making full-welded field closures allows 
the installer to AIR TEST the system prior to completion and 
backfilling. This simple 15 Ib. pressure test gives greater assur- 
ance of a tight, leak-proof system. It provides the finest prac- 
ticable protection to the owner against an initial system failure 
...and most important, the long range effects of water corrosion. 


Ask a Ric-wil field representative for detailed information 
regarding Air Test procedure or write for catalog covering recom- 
mended field installation details ... and remember, it pays to 
do it RIGHT the first time... 


Quality Piping Systems... 
. of Exceptionally High Thermal Efficiency 
SINCE 1910 


PREFABRICATED INSULATED PIPING SYSTEMS 


BARBERTON, OHIO 
IN CANADA: THE Ric-wil, COMPANY OF CANADA LIMITED 
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What every Fuel Engineer 
should know! 


For over fifty years 
our entire efforts have been devoted ‘Attest tities 


to the mining, preparation Moundsville, West Va. 
Pittsburgh No. 8 Seam 
and shipping of quality coals. Rail end Riser Shipment 


Today, from our modern mining facilities, 
we serve over twenty six states and Canada. 


Valley Camp Quality Coals wide range 
of applications include utility, industrial, 


: * Valley Camp No. 8 Mine 
chemical and metallurgical uses. Wel Va: 


Cedar Grove Seam 
Our vast unmined reserves Rail and River Shipment 


are your assurance for the future. 


Valley Camp No. 3 Mine 
Triadelphia, West Va, 
Pittsburgh No. 8 Seam 

Rail Shipment 


Maiden Mine 
Maidsville, West Va. 
Pitisburgh Seam 
Rail and River Shipment 


THE VALLEY CAMP COAL COMPANY 


Western Reserve Bidg. * Cleveland 13, Ohio 


SUBSIDIARIES— Great Lakes Coal & Dock Co., Milwaukee, Wis. * Great Lakes Coal & Dock Co., St. Paul, Minn. 
* Champion Fuel Company, Detroit, Mich. « Fort William Coal Dock Co., Ltd., Fort William, Ont. « The Valley 
Camp Coal Co. of Canada Ltd., Toronto, Ont. © Kelley's Creek & Northwestern Railroad Co. © Kelley's Creek Barge 
Line Inc. « Pennsylvania & West Virginia Supply Corp. ‘» The Valley Camp Stores Company, Wheeling, W. Va. 


SALES OFFICES— Philadelphia + Baltimore + Buffalo « Pittsburgh »« Wheeling « Cleveland « St. Paul 
* Cincinnati «© New York « Milwaukee « Superior, Wis. © Fort William, Ont. « Toronto, Ont, 
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BLANKET 
INSULATION 


Ready for installation! . Easily conforms to surfaces! Finished 


Copper bearing steel laths, bound by uniformly spaced soft-drawn 1 
galvanized tie wires, keep blankets firm but flexible. FREE SAMPLE! 


@ Eagle-Picher mineral wool evenly dispersed over entire insulating area Write today! 


of each blanket. Eagle-Picher Blanket Insulation 


@ Completely free of large voids usually found in field-made blankets conforms to Commercial Stand- 
where insulation is simply packed in place. ard CS-117-49. 


@ Smooth edges butted tightly together eliminate cracks and loose joints. 

This Mineral Weel Insylation 

@ Quickly applied to flat or slightly curved surfaces of any large equip- conforms to 
ment—or cut to fit irregular areas. oe 

@ Maximum thermal efficiency at temperatures as high as 1200 F, rae iain 
Eagle-Picher produces a complete line of industrial insulations 
for all temperatures from below Zero to over 2000 F. l write 


EAGLE 


EAGLE-PICHER 


Since 1843 Ed The Eagle-Picher Company ¢ General Offices: Cincinnati 1, Ohio 
(Member of Industrial Mineral Fiber Institute) 


PICHER 
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chinery builder buys two more! 


‘Heating a plant like ours was like trying to keep steam in 
a bucket,” complained the Maintenance Foreman of the 
world’s leading manufacturer of canning and processing 
equipment. Old coal-fired boilers ‘‘couldn’t meet our 
requirements of maintaining precise and different tempera- 
tures in various plant shops where rapid changes in heat 
demand occur during severe winter weather.” 


ES 


As a result, the company installed a.150-hp Powermaster 
Packaged Automatic Boiler. Plant officials were so pleased 
with its performance that they later added two 200-hp 
Powermasters to meet increased steam demands for heating 
plant additions. 


“Operating 24 hours a day, 7 days a week, our Powermasters 
have never faltered in over 10 years of constant service,” 
says the Plant Superintendent. ‘‘We have never had any 
maintenance problems. Operation is simple and inexpensive 
... effecting major savings in boiler room costs.” 


Fuel-Saving 
Combustion Modulation 


Powermaster’s automatic modulating 


What better testimonial to a boiler’s all-around depend- 
firing control maintains proper fuel-air ability and efficiency? What better proof of its cost-saving 
design and construction? Get the full Powermaster story. 


ae * the burners for peak firing Call in your Powermaster representative and write for 
efficiency at infinitely variable loads from Bulletin 1241 


20% to 100% of normal firing rate. This 


instantly responsive modulation saves ® 
fuel and assures constant steam pres- Susrmatte. 
sure and temperature regardless of t 

PACKAGED AUTOMATIC LER* 


load variations. 


Sizes to 500 HP; pressures to 250 psi 


ORR & SEMBOWER, INC 
Builders of Dependable Boilers Since 1885 


Morgantown Road, Reading, Pa. 
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Warren Pumps grew with Power 


(and helped the Power Industry to grow) 


Introduction of Warren Centrifugal 


Addition of the Rotary pump provid- 
ed third big stride to Warren's goal of 


complete industrial pumping service. 


pumps... now recognized as one of Canned rotor pumps for nuclear 
the most complete lines in the industry. reactors—and several other ma- 


Warren Steam Pump Co. founded... 
pioneers in development of Recipro- 
cating pumps for power installations. 


Power magazine first 


1882 published. Pump manu- 


facturing already an es- 
tablished industry in War- 
ren, Massachusetts. 


jor developments for industry — 
now in various stages of design 
and experimentation ... produc- 
tion facilities increased by a 
second plant to stay ahead of 
the power industry's expansion 
plans. 


© WARREN STEAM PUMP CO., 


STEAM AND POWER 


PUMPS 


First Warren Pump advertisement in Power—nearly 60 years ago. 


Note the stress on quality and service, even then. And as time went on, 
research and development received increasing emphasis . . . production 
facilities were expanded . . . a nationwide network of sales engineering 
offices was developed. Pump efficiency was increased to match the ex- 
pansive requirements of the power industry. 


In the years ahead, Warren will continue to be your best source for 
quality pumps with special service. 


WARREN PUMPS, INC. 


WARREN, MASSACHUSETTS 
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Consider 


the advantages of one responsibility 


for your next power station! 


Tom Fort, Vice President, 
Apparatus Division, 
Westinghouse Electric Corporation 
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Westinghouse apparatus 
available for 
power plant applications 


Air Conditioning Equipment 

Arc Welders 

Atomic Reactor and Auxiliaries 

Automatic Dispatching Equipment 

Battery Chargers 

Bus Duct 

Circulating and Condensate Pumps 

Control Boards 

Control Centers 

Coupling Capacitors, Line Traps 
and Potential Devices 

Crane Motors and Controls 

Cypak* Annunciators 

Disconnecting Switches 

Elevators— Passenger and Freight 

Evaporators 

Fans 

Feedwater Heaters 

Gear Speed Increasers 

Gear Speed Reducers 

Generators, Main and Auxiliary 

Generator Voltage Regulator 

Group Phase Bus 

Instruments 

Instrument Transformers 

Isolated Phase Bus 

Lighting Equipment 

Lightning Arresters 

Meters 

Microwave Equipment 

Panelboards 

Precipitron® 

Power Centers 

Power Circuit Breakers 

Powerhouse Motors 


Power Line Carrier 
and Tone Equipment 


Reactors, Current Limiting 
Relays 

Self-Contained Power Centers 
Standard Motor Controls 
Steam Condensers 

Steam Jet Air Ejectors 
Supervisory Control 

Surge Protection Equipment 
Switchboards 

Switchgear 

Switchyard Structure 

System Grounding Equipment 
Telemetering Equipment 


Transformers, Main 
and Auxiliary 


Turbines, Steam or Gas, 
Main and Auxiliary 


Unit Heaters 
Ventilating Fans 
Water Coolers 
*Trade-Mark 
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MICROWAVE 
EQUIPMENT 


MOTORS AND PUMPS 
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GENERATOR 


STEAM 
GENERATOR *2 
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POWER CENTER 
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Westinghouse can supply 
all this powerhouse equipment 


Think of the time, trouble and processing you can save with: 


ONE ORDER 
ONE CONTACT 
ONE RESPONSIBILITY .. 


you CAN BE SURE...1F ITS 


estinghouse 
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| BOILER FEED PUMPS 
MOTOR OR TURBINE DRIVEN 


H. P. FEED 
WATER 
HEATERS 


EVAPORATOR 


CIRCULATING 
= PUMP AND 


L.P. FEED WATER 


| 
HEATERS MOTOR GENERATOR 
CONDENSATE PUMPS y 
AND MOTORS / GROUP PH 
SURGE PROTECTION —~ 
Bus 
CONTROL 
POWER LINE 


CARRIER AND TONE 


EQUIPMENT 
@ Wa 
ag 


METAL — CLAD 
SWITCHGEAR 


AUXILIARY 
TRANSFORMERS 


POWER ISOLATED PHASE BUS *2 


A print of this artwork, suitable for framing, is availale free of charge; write 


Westinghouse Electric Corporation, Box 868, Pittsburgh 30, Pa 
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TACT, ONE RESPONSIBILITY 


MOTORS AND 
AIR COMPRESSORS 


MAINTENANCE 


SHOP 


GENERATOR 
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CIRCUIT BREAKERS 


BUS 


ISOLATED PHASE 


POTENTIAL 
RANSFORMERS 
> PHASE 
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GENERATOR 


SWITCH YARD STRUCTURE 
DISCONNECT SWITCHES 
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When you place an order.with Westinghouse 
you take advantage of a unique organization 


FOREMOST IN RESEARCH 
Westinghouse research leads the industry, probing for new knowledge. 


FOREMOST IN DEVELOPMENT 
Product development is the practical application of Westinghouse research. 


FOREMOST IN ENGINEERING 
Noted for engineering excellence, Westinghouse has a depth 


of experience that can be gained only through years of living 
the problems of the electrical industry. 


ALL ONE 

The broad scope of Westinghouse stands ready to cooperate with you 
and your consultants. Your orders to Westinghouse not only 

take advantage of all this research, development and engineering, 
they support it, too. One man, your local Westinghouse representative, 


is your key man to it all. CP-1041 ana 


you CAN BE SURE...1F ITS 


Westinghouse 
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EVENTY-FIVE YEARS AGO, when what is now 

Power was born, a revolution was in the mak- 
ing. It was a technological revolution that would 
put at the disposal of each U.S. citizen more energy 
than ever available to the average citizen of any 
nation, past or present, and give the U.S. the highest 
living standard the world has ever known. How 
this came about, how abundant low-cost energy 
transformed the American economy, is a truly spec- 
tacular story. But it is only a beginning. 


Important as energy has been in the growth of 
the past 75 years, important as it is to our dynamic 
economy of today, it will be still more important in 
the years ahead. Fifty years from now, U.S. popu- 
lation will have doubled. And the resources needed 
to support this vast population, at ever-higher liv- 
ing standards, will be won only at the cost of vastly 
greater energy expenditures. 


More energy will be needed to find and process 
each gallon of fresh water. Farming will be ever 
more dependent on synthetic fertilizers, in which 
energy is a prime ingredient. Basic metals will be 
wrung from lower-grade ores and eventually from 
common rock, if enough energy is applied. With 
an abundance of energy, the sea and the air will be 
increasingly important sources of raw materials. 


In the 21st century, energy will be more than 
ever the key to the needs of mankind, and particu- 
larly to that portion of it resident in the United 


States. For these vast needs we must increasingly 
turn to resources as yet virtually untapped—the 
energy of the sun and of the fissioning nucleus. 
And, almost surely, we will win controlled energy 
from the fusion process now exemplified in the 


awesomely destructive hydrogen bomb. 


It is in this long perspective that the truly spec- 
tacular story of “Energy—U.S.A.” must be told. 
That is the theme of this issue, commemorating 


Power’s 75th anniversary. 


Since the “electrical revolution” of the 1880's, 
Power has been dedicated to the continuing task of 
reporting and interpreting the ever-changing energy 
technology that is the basis for all our material 
progress. Now, at the beginning of what may some 
day be thought of as the “nuclear revolution,” we 
pause to take stock--to record the glorious past. 
appraise the exciting present. and peer into the 


spectacular future. 


And it will be a spectacular future. If we can 
maintain peace in a world of tensions, the outlook 
for power men has never been brighter. Never 
have our engineering skills and ingenuity been more 
needed. Never have the opportunities for achieve- 
ment been greater. And never has a vital, forward- 
looking power-field editorial service been more 
essential. To the continued provision of exactly 
this kind of service we on PowER repledge ourselves 
as we pass this 75-year milestone and move ahead. 


a 
LOUIS N ROWLEY, EDITOR e@ SEPTEMBER 1957 e@ ESTABLISHED 1882 
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AIR SWEPT TUBE MILL. Slow-speed ball mill for 
perfect pulverization by air separation. Low-cost 
grinding of all grades of coal regardless of hard- 
ness. Grinding balls can be added without shutting 
down. Continuous year-to-year operation with bet- 
ter than 99% availability. Complete designs for 
steam and coal installations. 


RIZERS 


K.V.S. System Includes 
these Exclusive Features 


UNBURNT CARBON LOSSES 
LESS THAN '2% 
& 
FULLY AIR SWEPT 
COAL PULVERIZED TO SUPERFINENESS 


COAL COMPLETELY CARBURETED 
READY FOR COMBUSTION 
BIG TRUNNIONS FOR AIR SWEEPING 
BALLS ADDED WITHOUT SHUTTING DOWN 


2 
LOW OPERATING AND 
MAINTENANCE COSTS 


85% TO 90% THROUGH 200 MESH 
e 
20% MOISTURE REMOVED WHILE PULVERIZING 
® 
PULVERIZES ANY COAL — BITUMINOUS, 
ANTHRACITE, FLUID COKE 


TRAMP IRON ACTUALLY AIDS 
IN PULVERIZING 


COAL FIRING SYSTEM. Cutaway drawing of Kennedy 
Pulverized Coal Firing System showing disc feeder, pul- 
verizer, classifier, exhauster, burner. Raw coal is delivered 
to disc feeder and fed into tube mill. 


PARK: AVEREE, 
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Can save you up to °3 per ton 
on pulverized coal costs! 


CONSIDER THESE ADVANTAGES. ..THEN 
DECIDE FOR YOURSELF! 


Large boilers should have fewer and better pulverizers. There is no reason for 
using more than two mills per boiler. 


If your boiler burns coal at the rate of 100 tons per hour, you can pulverize this 
coal... any grade... with only two KVS Mills. Why use four when two will do? 

Don't accept a ‘‘second best’ system with high maintenance costs. Insist on a 
KVS Pulverized Coal Firing System for your boiler — either present or future — and 
gain the advantages of over-all lower maintenance costs. 


CONSIDER THESE SAVINGS! 


In utilizing low priced coals 
In low cost maintenance 
& 
In producing superfine coal for fast combustion 


In availability ... over 99% 


In increased efficiency 


In maintaining a clean furnace 


In reducing losses out the smoke stack 


MANUFACTURING & 


NEW YORK ‘ - © WACTORY, DANVILLE, 
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“We avoided costly 
service calls and saved 
our customers irritating 
shutdowns .. by equipping 


welders we sold with 


Fusetron Fuses”.... 


Prank Rorinek, Owner 


SUN RAY ELECTRIC COMPANY 
CHICAGO, ILL. 
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Wr. Korinek continues... 


“About a year ago my motor re- 
wind shop bought 62 welders for 
resale from a surplus dealer. 


“They were 300 ampere arc 
welders, with the A.C. motor di- 
rectly connected to a 300 ampere 
D.C. generator. The motor has a 
speed of 3500 R.P.M. and a name- 
plate rating of 56 amperes at 220 
volts. 


“The welders were equipped 
with 60 amp., 250 volt fuse clips. 
However, when we ran the welders 
in the shop, we found that ordinary 
60 amp. fuses would blow on the 
starting current of the motor. 


“We then tried 60 ampere Fuse- 
tron dual-element fuses. They 
proved to hold the starting current 
and to give the needed protection 
to the motor and generator. 


“We are glad we had this exper- 
ience in our own shop and installed 
Fusetron fuses before selling the 
welders. Otherwise, we would have 
had a flock of costly unnecessary 
service calls and run the risk of 
losing customers. 


“As it happens, our customers 
are satisfied with the performance 
of the welders and we haven’t had 
a service call or complaint about 
needless fuse blows.” 


FUSETRON dual-element FUSES do more than eliminate needless blows. They give 
10 point protection not available with any other type of protective device. 


AND FUSETRON FUSES REMAIN SAFE THRU THE YEARS... 


... without maintenance and recalibration costs. 


Once properly installed, Fusetron fuses 
require no costly inspection time or 
maintenance necessary on mechanically 
operated devices. 


Dust, fumes, corrosion or age cannot 
prevent a Fusetron fuse from opening 
safely. There are no hinges, pivots or 
contacts to stick or slow down the opera- 
tion of the fuse on short-circuits. 


When a Fusetron fuse does open to 
protect, and after the fault has been cor- 
rected—the new Fusetron fuse you in- 
stall has been calibrated at the factory 
by engineers—it is a fuse as safe and de- 
pendable as the one that blew. 


DON'T RISK LOSSES! One needless 
shutdown . . . one lost motor... one destroyed 
switch or panel . . . one burned out solenoid . . , 
may cost you far more than replacing every ordinary 
fuse with Fusetron dual-element fuses. Write for 
bulletin FIS. 


For loads above 600 amps.—Use BUSS Hi- 
Cap Fuses to coordinate your electrical circuits. 


On 600 volts or less, BUSS Hi-Cap fuses have 
an interrupting capacity sufficient to handle any 
fault current regardless of system growth. 


They can be coordinated with Fusetron fuses on 
feeder and branch circuits to limit fault outages to 
circuits of origin. Write for bulletin HCS. 


Bussmann Mfg. Division 
McGraw-Edison Co. 
University at Jefferson, St. Louis 7, Mo. 


Play Safe! Install Fusetron dual-element fuses and 
BUSS Hi-Cap Fuses throughout entire Electrical System! 
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HARNESSES THE ENERGY OF STEAM 
IN HIGH TEMPERATURE, HIGH PRESSURE 


PRESSURE 
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WHEN POWER DEPENDS ON 


Twenty-five years ago power plants were operating at 750°F. steam 
temperature and 1350 psi turbine throttle pressure. Today's modern 
plants are designed to utilize steam at temperature of 1100°F. and pressure 
of 3500 psi and higher. In another twenty-five years generators are 
expected to be operated by steam at pressures up to 7000 psi and tem- 
peratures up to 1400°F. 

Every successful increase in the pressure-temperature operating level 
is preceded by the development of piping capable of harnessing the 
terrific energy of the steam. You can depend upon Pittsburgh Piping for 
these advancements. 

In the early days Pittsburgh Piping pioneered welded piping for power 
plants. Later, our engineers cooperated in perfecting the principle of 
steam reheat as a means to take advantage of higher steam pressures. We 
pioneered the application of chrome-moly steels in piping materials which 
permitted utilization of steam temperatures above the critical range of 
carbon steel. Again, we pioneered the use of austenitic steels in piping 
materials when steam temperature requirements exceeded the critical 
point of ferritic alloys. 

Being a step ahead of the power industry’s piping needs has had its 
compensations. We have fabricated and erected complete piping systems 
for scores of our country’s great power plants. We were selected to 
produce the piping and related equipment for the world’s first atomic- 
powered submarine—and for the world’s first big atomic power plant. 
This experience—and the complete facilities described on the next page 
—are at the service of America’s power industry to assist it in continuing 
to keep a pace ahead of the nation’s power requirements. 


Promoting Progress IN POWER AND PROCESS PIPING 


Canada: CANADIAN PITTSBURGH PIPING, LTD., 835 BEACH ROAD—HAMILTON, ONTARIO 


Whitehead Building Hollywood... ....1828 North Alexandria Ave. 
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Plastic Ductility of Austenitic 
Piping Containing Welded 
Joints at 1200°F. 


Write for a copy of this bulletin 
which reports an intensive inves- 
tigation into the problem of 
main steam piping materials. 
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SPECIALISTS IN POWER PIPING FOR 
HIGH TEMPERATURE, HIGH PRESSURE SERVICE 


Pittsburgh Piping specializes in fab- 
ricating complete piping systems for 
power plants including all service, in- 
strument and control lines, as well as 
the main lines which harness the 
energy of steam. Quality control is 
maintained through all stages of shop 
fabrication under the supervision of 


metallurgical engineers. Our field 
superintendents meet periodically 
with our plant’s technical staff to in- 
terchange ideas and experience. This 
procedure safeguards quality control 
from the blueprint until the piping 
system is completely erected. 


Promoting iN POWER AND PROCESS 


Canada: 


Whitehead Building 
10 High Street 
Peoples Gas Building 
Public Square Building 
Toronto 
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The year 1882 opened on a United States still dependent on the water- 
wheel and steam engine, a U. S. in which power was made where it was 
used because there was no effective means of transmitting energy over 
any but short distances. But it was a nation astir with the forces of 
change, a nation just beginning to grasp the implications of a new, in- 
credibly versatile form of energy—electricity. 

Edison’s pioneer central station, which supplied its first customers 
on Sept. 4, 1882, foreshadowed the pattern of the future. But much had 
to happen before the promise could be fulfilled. The steam turbine and 
improved steam-generating equipment made possible the larger plants 
that were needed. The polyphase ac system gave electricity the reach 
and flexibility essential to wide-scale application. 

In addition to these key developments, which might be called the 
foundations on which today’s electrical systems are built, the past 75 
years have seen many other advances. They have seen the invention 
and application of new prime movers—first the diesel and, more recently, 
the gas turbine. They have seen continuous progress in such power serv- 
ices as compressed air and refrigeration, and the advent of completely 
new ones, such as air conditioning. And they have seen the first steps 
toward tapping the vast energy potential of the atom. 

Here we tell the story of these eventful years, years that changed the 
face of America. Brushing aside masses of historical detail, we have 
concentrated on the great tides of change that have swept the power 
world since 1882; we have tried to convey the warmth and color of an 
exciting era. This three-quarters of a century just past is the heritage of 
all power engineers—a heritage of which we may be truly proud. 
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Steam power plants of the period usually contained a battery of hand-fired 
boilers supplying a steam engine with its flywheel belted or roped to the fac- 
tory lineshaft. This engraving, from an early Power article on “duty testing”, 
shows engineers at work with test equipment supplementing usual plant gages 


The Power World of 1882: Steam engines and... 


It is 1882: Americans talk of John L Sullivan and the 
bareknuckles championship of the world. Horsecars jin- 
gle along city streets. The spidery cables of the 
Brooklyn Bridge span the East River and hundreds of 
workmen scramble to complete the great project. Rail- 
roads cross the continent, but sporadic Indian warfare 
still plagues the plains of the great West. 

Above all, it is a busy, bustling time. Swelled by 
hordes of immigrants from the troubled areas of Eu- 
rope, U.S. population is growing by leaps and bounds. 
More people live in cities, fewer on farms. With Civil 
War reconstruction behind them, Americans are giving 
their full energies to building new industries. More 
and more they turn to machines for higher rates of pro- 
duction. And more and more they find that machine 
production rests on power. In the U.S. of 1882, that 
means water wheels and steam engines. 

Early water powers. Colonial Americans dotted the 
many streams of the eastern seaboard with small 
wooden wheels to power their grist mills. After the 
Revolution the tiny nation struggled to establish the 
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basic industries needed to make good its independence. 
These went where there was power, and that meant 
where there was water. Towns like Pawtucket in 
Rhode Island, Paterson in New Jersey, Lowell, Law- 
rence and Holyoke in Massachusetts began their in- 
dustrial growth just this way. 

To exploit such sites in an orderly fashion, a com- 
pany would be formed to control the river and develop 
its power potential. Then, since power couldn't be 
transmitted any distance, the water was taken to the 
customers by means of canals and the power generated 
on their premises. From the testing and experimenting 
these companies did to improve operations, came data 
on which was built the early art of practical hydraulics. 

Water turbines. Although the first recorded work 
was done in Europe by Fourneyron, Henschel, Fon- 
taine, and Jonval (1823-1841), there are evidences of 
crude turbine wheels in use in this country as early as 
1817. In 1838 an American, Samuel Howd, took a big 


-step forward. He patented an inward-flow runner. Its 


advantages caught the eye of James B Francis, then 
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Water-turbine drive for this sawmill makes “cheap but efficient arrangement”, 
according to 1880 catalog. The 16%-in. wheel produced about 20 hp under 26-ft 
head, enough to drive 48-in. blade at 450 rpm. Turbine is fitted with a wicket 
gate; operating handwheel is conveniently located for one-man mill control 


“engineer of the Locks and Canals Co” at Lowell. He se- 
cured rights to the Howd wheel and in 1849, developed 
a design that gave nearly 80% efficiency. 

While men like Francis calculated and tested, untold 
Yankee millwrights were mixing intuition with cut-and- 
try. The result was the distinctively American mixed- 
flow turbine, now usually called a Francis runner. 

Another American contribution was the “hurdy- 
gurdy’—a tangential wheel looking for all the world 
like a circular saw with straight-cut teeth. Built by the 
hundreds in the Gold Rush mining camps of the far 
west, these were ancestors of today’s impulse turbine. 

It was Lester Pelton who gave the tangential wheel 
its modern form. To the cup-shaped bucket, introduced 
in 1870 by S N Knight, he added the splitter. For this 
major improvement, he secured a patent in 1880. 

Steam Engines. First steam engine in U.S. seems to 
have been a Newcomen engine, imported in 1753. This 
was more than 20 years before James Watt invented the 
separate condenser and began building engines. 

When Americans did get around to building their 
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... water turbines provided most of the ‘“‘muscle”’ 


own engines they did so with astonishing flashes of 
genius. Pioneer builder Oliver Evans was using 50 psi 
in a non-condensing engine in 1804, when all other en- 
gines operated at or near atmospheric pressure. Far 
ahead of his time, he built a 200-psi engine in 1815. 

Perhaps the greatest advance was made by George 
Henry Corliss, whose unique valve gear and adjustable 
cut-off drastically reduced steam consumption. After 
bitter litigation he secured basic patents in 1849. 

But for all its economy, the Corliss design was large, 
heavy, and costly. Thus there was need for smaller and 
cheaper engines, operating at higher speeds. A pioneer 
of this type, the Porter-Allen, combined Charles T 
Porter's powerful, high-speed governor with John H 
Allen’s variable-cut-off link-type valve gear. Other de- 
signs followed, and by 1882, there was a wide range 
of low-, medium- and high-speed engines, in capacities 
from a few horsepower to a thousand or more. 

Greatest of all pre-1882 engines was the famous 
Centennial Corliss, which supplied power for 14 acres 
of machinery at the 1876 exposition in Philadelphia. 
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Piping steam from a central plant to nearby buildings in 
Lockport, N.Y., Birdsill Holly started the district-steam 
business. Only a few years later, in 1882, New York city 
streets were being piped, as illustrated above in a cut from 
Scientific American. Among early New York Steam Co 
customers were a substantial number who purchased steam 
to drive small engines for elevators, etc; it was thus, in a 
limited way, a power- as well as heat-distribution system 


Packaged steam plants, like the compact unit shown 
here with its designer and builder, LeGrand Skinner, 
were widely used in printing offices, cabinetmaking 
shops, dairies, and mills of many kinds. An engine 
catalog of 1875 lists units ranging from 5 to 40 hp. 
In another familiar design, a vertical steam engine 
was mounted on the same bedplate as a small verti- 
cal boiler, with an automatic feeder and safety valve 


if you needed power you had to generate it 


It stood more than 40 ft high, weighed over 600 tons, 
had connecting rods 20-ft long. The 10-ft driving pinion 
meshed with a 30-ft flywheel. Bevel gears 6-ft in diame- 
ter, at spaced intervals, drove cross-shafts that trans- 
mitted power to several thousand separate machines. 

Steam boilers. From the earliest “beehive” boilers, 
of roughly spherical shape, gradual evolution led to a 
cylindrical shell. Both Oliver Evans and the Cornish- 
man, Richard Trevithick, introduced an inner flue to in- 
crease heating surface. With twin flues, George Ste- 
phenson anticipated the Lancashire boiler designed by 
William Fairbairn in 1845. Multiple tubes for gas flow 
were an outgrowth of these early internal-flue designs. 

The idea that water should flow through the tubes 
with heated gas outside, occurred to a number of engi- 
neers early in boiler development, notably Col. John 
Stevens. Steam leaks and internal deposits doomed 
these efforts to failure and practical water-tube boilers 
had to wait. In 1856, Stephen Wilcox, working with 
O M Stillman, patented a boiler of this general type. He 
later joined forces-with George Herman Babcock; their 
“non-explosive” water-tube boiler was patented in 1867. 

Although water-tube designs were gaining ground, 
the typical boiler of 1882 was a fire-tube, with a sweat- 
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ing fireman heaving coal onto a flat grate. In the back 
country, furnaces were still stoked with cordwood. Oil 
and natural gas were just “new-fangled” ideas. 
Auxiliaries. This typical 1882 boiler would almost 
surely be fitted with a fusible plug, and might mount 
a “pop” safety valve based on the patents of E H Ash- 
croft and G W Richardson. The pressure gage was 
likely to be of the Bourdon-spring type, introduced to 
the U.S. in 1852 by Ashcroft. A steam-driven flue 
cleaner would be tucked in a corner, ready for use. 
The engineer interested in “automatic” operation 
could choose from early types of damper regulators, 
pump governors, pressure reducers and regulators. The 
economy-minded engineer could insulate with asbestos 
or mineral wool. Open and closed feedwater heaters 
were available. Injectors were commonly used for 
boiler feeding, as were direct-acting steam pumps. 
Power services. By 1882, all the basic types of 
heating were in use; steam, hot water and warm air. 
Several types of steam traps were available. Ventilat- 
ing systems had been developed and textile mills were 
using early forms of humidifiers. The principles of me- 
chanical refrigeration were known and just beginning 
to be applied. Most pumping was handled by steam 
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| ese were some of the answers... 


Gas engines were fairly common as small power units, particularly in 
areas where natural gas had become available. Although the basic idea of 
exploding a gas or vaporized liquid fuel in an engine cylinder goes back 
to the 17th century, commercial realization didn’t begin until the 1860's. 
Then, in France, Lenoir built workable but inefficient 2-cycle engines 
and Beau de Rochas came up with the 4-stroke idea. The Germans, Otto 
and Langen, reduced this to practice in 1867, with a considerably more 
economical engine. The famous Otto “Silent” was patented in 1876 


close to the point of use 


units, but centrifugals were gaining ground. Steam and 
hydraulic elevators were making possible the taller 
buildings that were springing up in major cities. 

Small power units. One of the big mental adjust- 
ments we have to make when we go back to the power 
world of 1882, is to bear always in mind the lack of 
convenient, readily available electricity. In 1882, if you 
wanted power, you had to make it, no matter how small 
your needs might be. If the need was very small, you 
just used muscle power. For somewhat larger tasks, 
there were several answers. You might stick to steam, 
using a simplified, “packaged” boiler-engine combina- 
tion, above. Or, if gas was available, you might try one 
of the recently introduced gas engines. And, for a 
short while in the early days, district-heating systems 
supplied steam to drive small engines. 

Power transmission. Another hard fact of the 1882 
power world was the need for using power close to the 
point of generation. Rope and belt drives, of what to 
us seem enormous size and complexity, had been de- 
veloped, but their reach was limited to several hundred 
feet in most cases. In large factories, the main engine 
would be belted or roped to lineshafting, to which ma- 
chines would connect by a veritable forest of belts. 
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Power transmission, in the 1880's, meant pulleys 
and belts, or ropes, as in the drawing above. This 
shows the main transmission system of a multi-story 
industrial building in New York. Belting connected 
lineshafts on each floor to the individual machines 


... for small power users 


The Electrical Revolution: New forms of light... 


From the time of the Greek philosophers, men had 
been slowly piecing together scraps of information 
about magnetism and static electricity. Then, as the 
19th century opened, the voltaic cell revealed the ex- 
istence of current electricity, and the pace of discovery 
accelerated incredibly. The result was the electrical 
revolution that marked the last decades of the century. 

Alessandro Volta’s primary cell was the sole source of 
useful electricity until the 1870's. It powered the first 
electrical inventions—the telegraph, for example. More 
important, from study of its currents men like Ampere, 


Arc lights flared across the 
U.S. in the years after 
first display at Centennial 
Exposition of 1876. Invent- 
ed by Sir Humphry Davy 
in 1808, the carbon arc 
waited for a practical dy- 
namo to feed it. In the 
1870's, men like Gramme 
and Siemens in Europe, 
and Brush, Thomson, and 
Weston in the U.S. made 
arc-lighting systems practi- 
cal. Business men used 
arcs as attention getters, 
industrialists found arc 
lights made night work in 
factories possible, city 
fathers put arcs atop tall 
poles or towers to light 
streets and even entire 
towns. In hundreds of cel- 
lars across the land, small 
engines wheezed and dy- 
namos whined. Eventually, 
arc-lighting central stations 
were built, notably at San 
Francisco in 1879 


Ohm, and Oersted deduced basic laws, and glimpsed 
the relation between electricity and magnetism. 
Between 1820 and 1835, two giants—the Englishman 
Michael Faraday and the American, Joseph Henry—laid 
virtually the entire foundation for electromagnetic ma- 
chinery. From their work came the principles on which 
rest electromagnets, motors, generators, transformers. 
On the practical side, developments came thick and 
fast: Hippolyte Pixii invented the commutator in 1832. 
In 1837 a Yankee from Vermont, Thomas Davenport, 
applied electric motors commercially but found cost of 
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Incandescent lamps had been the 
subject of incessant experiment 
for 50 years before Thomas Edi- 
son started work on the idea in 
1877. He sought a softer, less in- 
tense light than the glaring arc, 
one more suitable for homes, of- 
fices. His lamp, first to be com- 
mercial, was patented in 1879, 
demonstrated on a large scale in 
1880. By the year 1882, Edison 
had installed over 150 systems 
in homes, hotels, offices, mills, 
stores and vessels 


battery power too high. At Pisa, Antonio Pacinotti con- 
nected many commutator sections to a continuous 
winding, producing a more powerful generator. He is 
also credited with the first recognition of motor and 
generator interchangeability. Three years later (1866) 
no less than five different experimenters came up with 
the idea of an electromagnetic field in place of the 
permanent magnet used by Pacinotti. 

Belgian-born Zenobe Theophile Gramme did perhaps 
more than any other to make the dynamo and motor 
practical. By 1873 he had installed steam-driven dyna- 
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Pearl Street Station can be called the first true 
central station, because Edison incorporated in this 
pioneer system all the elements needed to supply elec- 
tricity to the general public. It had six “large” de 
generators directly driven by steam engines aggregat- 
ing 900 hp. These were good for 7200 lamps, at 110 
v. When the station opened for business on Sept. 4, 
1882, it served 59 customers with nearly 1300 lamps, 
all of whom had been promised three month's free 
service. In four months, the company was lighting 
5000 lamps in 225 New York houses. The electrical 
distribution system was underground; for it, Edison 
devised fuses and fuseblocks, cutouts, switches, cir- 
cuit breakers. He later invented a meter 


.-» brought new loads; central stations emerged .. . 


mos to power arcs in French lighthouses and to replace 
batteries in electroplating. The Gramme exhibit at the 
Centennial Exposition (1876, Philadelphia), and the dy- 
namo shown by the Wallace-Farmer Co of Connecticut, 
excited a fever of interest in electricity and arc lighting. 

America’s real arc-light pioneer—Charles F Brush— 
was even then experimenting with a small dynamo and 
an automatic feed for arc-lamp carbons. Even though 
Dr Edward Weston had demonstrated arc lighting with 
a street-corner installation in Newark, N.J. (1877), Brush 
found the public slow to respond when he tried to pro- 
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.»» “light plants” quickly grew in number, size 
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mote his system. But enterprising businessmen proved 
more receptive. The first big installation—five dynamos 
and 20 arcs—went into the new John Wanamaker store 
in Philadelphia (1878). A Providence, R.I. worsted 
mill put in 80 arcs; factory owners all over New Eng- 
land followed suit when they found arcs made night 
work possible. In 1879, Brush installed 12 arcs in Cleve- 
land’s Public Square, first electric street lighting in U.S. 
Interest widens. Brush was not alone in the field. 
Thomas Alva Edison was working on his first bipolar 
dynamo—the famous “long-waisted Mary Ann” which 
later tested to 90% efficiency. In Philadelphia, two for- 
mer high-school science teachers were testing a unique 
3-coil dynamo, and one of them, Elihu Thomson, was 
working on an electromagnetic regulator to shift 
brushes automatically and maintain constant current. 
But Brush made news again in June 1879 when the 
first arc-lighting central station opened in San Fran- 
cisco. It consisted of two small dynamos supplying 6 
and 16 lamps respectively—at $10 per lamp per week. 
Capacity had to be tripled in six months, and the city 
itself put in a street-lighting system of 20 tall poles. 
As interest soared in the brilliant arcs, Edison was 
closing in on a goal that had attracted many experi- 


Bigger plants on larger systems: 


Edison tube mains were heart of early underground 3-wire 
de distribution systems. Conductors were heavy, round cop- 
per bars about 20-ft long, inserted in iron tubes, from which 
they were separated by cardboard washers. Later, the tubes 
were filled with asphaltum for insulation. Special jointing 
provisions were made, as can be seen in photograph. 


Central stations grew quickly in size and complexity. In 
May, 1889, Power described the new station of the Edison 
Electric Light Co., at Philadelphia: “The unique arrange- 
ment will be appreciated by an inspection of the elevation, 
in which it will be seen that the engines are afforded a firm 
foundation upon the ground floor, and are belted directly to 
the dynamos on the floor above. Steam for these engines, 
which are to be 20 in number, rated at 500 hp each, will 
be furnished by 28 boilers, arranged in four batteries of 
seven boilers each, and two batteries on each floor located 
in the stories above the dynamo room. The boilers selected 
for this work are water tubuler, comprising an aggregate 
power of 10,000 hp. 

“The coal is received at hoists at the back of the building, 
where there are two large platform scales, upon which it 
may be weighed as it arrives, and elevated to the storage 
above the uppermost boiler room, where it is transferred by 
means of dumping cars into the building. From this storage 
floor it descends through chutes into the boiler room and is 
discharged into positions convenient for firing.” 
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menters—the incandescent lamp. He applied for his 
first patent in 1879 and began to develop the system 
in which the lamp would be used. And it was here he 
made what may well be his greatest contribution—the 
parallel circuit, with its tremendous flexibility com- 
pared to the series circuits used in arc lighting. His 
original metal-filament lamps operated at 10 volts, too 
low for the parallel system. So he came up with a new 
filament that would take the 110 volts he thought de- 
sirable to keep down distribution losses. Later (1882) 
he applied for patents on the 3-wire system, which gave 
220-v transmission with 110-v lamps. 

Central stations. After working feverishly for a year, 
Edison began to open plants in 1882. The first, on Hol- 
born Viaduct, London, started Jan 12; the second (first 
in U.S.) at Pearl Street, New York, Sept 4; the third (first 
U.S. hydroelectric plant), at Appleton, Wis., Sept 30. 

Now the tide was swelling to a flood. One after an- 
other, in cities and even small villages, Edison “light 
companies” were being incorporated. And, in furious 
competition, makers of arc systems devised improve- 
ments, worked out combinations of arc and incandes- 
cent systems, and, in some cases, they added incandes- 
cent lamps to their fast-growing lines. 


They made the higher voltages offered by transformers look valuable 


The transformer, with its ability to step volt- 
ages up or down, gave ac systems one of their 
chief advantages. Foreshadowed in 1879 by 
Elihu Thomson, the transformer idea was in- 
dependently developed abroad by Lucien 
Gaulard and John Dixon Gibbs, who named 
it a “secondary generator.” In 1886, George 
Westinghouse acquired rights to their sys- 
tem, and started making a commercial 
design for the transformer. He quickly dis- 
carded the soldered joints and stamped- 
copper disks of the original construction, 
substituting insulated wire, lathe wound. 
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As de distribution limits loomed, ac appeared... 


But the growing sway of direct-current systems was 
soon to be challenged. Early commutatorless dynamos 
had produced alternating current and more than one 
engineer had argued the merits of the system. In the 
U.S. Elihu Thomson, who had long spoken for ac, had 
secured an 1879 patent on a transformer idea and also 
experimented with an ac incandescent system in 1886. 
Steps toward ac. In Europe, Lucien Gaulard and 
Joseph Dixon Gibbs had obtained 1881 British patents 
for a “series alternating-current system of distribution.” 
George Westinghouse, pioneer in natural-gas distribu- 
tion, inventor of the air brake and railway signaling 
systems, obtained an option on this system in 1885. 
He had been building de lighting equipment but 
soon came to feel de could not continue to meet the 
needs of fast-expanding distribution systems. Generator 
and system voltage was tied to that of using equipment, 
hence was low. This meant heavy losses if current had 
to be transmitted more than a mile or so. 
Westinghouse acquired full rights to the Gaulard and 
Gibbs system in February, 1886. His brilliant chief en- 
gineer, William Stanley, was in Great Barrington, 
Mass., for his health, so it was there that ac transmis- 
sion had its first U.S. test. From an abandoned mill that 
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Tesla and the induction motor 


In May 1888, a young Yugoslav named Nikola 
Tesla reported to the American Institute of 
Electrical Engineers a new system of polyphase 
alternating currents and a motor to utilize them. 
These currents produced, in the motor, a ro- 
tating magnetic field which induced currents 
in the closed secondary circuit, causing me- 
chanical rotation. George Westinghouse ac- 
quired the patent rights and Tesla’s services, 
started to reduce the induction motor to com- 
mercial practice. It couldn’t be done on the 133 
cycles then common frequency for single-phase 
ac. Tesla’s motor demanded lower frequencies; 
so great was its potential that generation and 
distribution was changed to suit 


... and the “‘battle of the currents”’ waxed hot until... 


housed an alternator and transformer, they strung wire 
on the elm trees lining the little town’s sidewalks. 
Transformers were put in the cellars of a half-dozen 
buildings to be lighted. On March 20, this single-phase 
system was demonstrated. In November, the first com- 
mercial ac system went into service in Buffalo, N.Y. 

But before this promising ac idea could compete, it 
needed certain elements to make a complete system— 
particularly an ac motor and a meter. The de system, 
of course, had both. By 1887 there were 15 well-known 
makers of small motors in the U.S. and they had pro- 
duced more than 10,000 units of 15 hp and less. De 
motors were driving fans, home sewing machines, some 
industrial machinery, experimental streetcars. 

Polyphase ac. Probably the first ac motor was an 
1887 induction-repulsion design by Elihu Thomson, 
who later developed “shaded pole” induction and 3-coil 
universal motors. But the big breakthrough came in 
May of 1888, when Nikola Tesla announced his poly- 
phase system, including the induction motor. Westing- 
house secured exclusive rights in July, but it took nearly 
four years to make the system commercially practical. 
Meanwhile, Oliver Shallenberger had conceived the 
basic idea of an induction meter for ac circuits. 

Now the “battle of the systems” was truly joined. The 
new ac system offered economical high-voltage trans- 
mission, vastly increasing the reach of electrical systems. 
Proponents of the entrenched dc systems slammed hard 
at high-voltage hazards, even though Thomson’s inven- 
tion of the grounded secondary made it impossible for 
the high voltage to reach the user. In the strident debate 


5000-hp generator in the shop that followed, even the first execution in New York’s ac 
First Niagara Falls : f th electric chair (1890) was used as an argument. 
First major break in public prejudice against ac 


2-phase design, with stationary armature and 
revolving field, which served as a flywheel. 
Direct current for exciting the field magnets 
was taken from rotary converters. Turning at 
250 rpm, the generators were rated at 2250 v 
and 50 cycles. Total height from base of the 
bedplate to top of the unit was nearly 13% ft 75TH ANNIVERSARY * POWER * SEPTEMBER 1957 


came with the Columbian Exposition in Chicago, 1893. 
Westinghouse won the contract, and 12 of the largest 
polyphase generators yet built provided 12,000 hp to 
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ac won out at Niagara 


light the fair and run an exhibit of the polyphase sys- 
tem, including a newly developed rotary converter. 

Now the final test was just around the corner. For 
vears, the power potential of Niagara Falls had been 
a subject of international discussion, and a Cataract 
Construction Co had been formed. Toward the end of 
1890, construction had begun on a tunnel under the 
town of Niagara Falls, parallel to the river. In the orig- 
inal plan, there were to be 238 shafts 150-ft deep with 
turbine wheels at the bottom. These would furnish 
mechanical power for factories above them. 

While work was in progress, the Company decided to 
look into other possibilities and set up the International 
Niagara Commission headed by Lord Kelvin. The 
Commission made extensive studies, conducted a com- 
petition for plans, eventually decided on an ac system. 

Success at Niagara. The first of three 5000-hp genera- 
tors was completed 18 months later. Meanwhile, the 
tunnel had been finished and one factory was generat- 
ing power mechanically. By July of 1895, the three 
turbines were in their wheel pits. In August, Pittsburgh 
Reduction Co became the first large user of electricity 
from the power station. It was clear that ac was a suc- 
cessful answer for Niagara, and plans were carried for- 
ward to extend the station. By November 4 of the 
following year, Niagara power was going to Buffalo. 

Thus, as the 20th century was about to dawn, the 
foundation for modern electrical generation and dis- 
tribution was laid and a period of consolidation began. 
After years of bitter competition and separate devel- 
opment, the complementing advantages of the ac and 
de systems became apparent. Licensing and patent ex- 
change made many basic ideas available. Local light- 
ing companies with limited-radius de systems began to 
join forces and convert to ac, often by making sub- 
stations of old generating stations and linking them with 
high-tension ac feeders from new generating plants. 
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Niagara’s first powerhouse 


Sketch shows canal from the Ni- 
agara River, penstocks to turbines 
150 ft below in 7000-ft tunnel lead- 
ing to the base of the Falls. The 
first installation comprised three 
5000-hp units. Ingenious designer 
used the head pressure to counter- 
balance weight of long shafts and 
attached portions of the dynamos 
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This 1889 factory had machines scattered over six floors; one dynamo 
and seven motors in various parts of building solved the problem 


To industrial plants, electricity and the motor... 


The electrical revolution triggered a spiraling accel- 
eration in U.S. energy use, an acceleration that con- 
tinues today. Yet it did not add directly to our energy 
output, for electricity is an intermediate energy form. 
What electricity did do was to make energy vastly more 
versatile and convenient. And as fast as a growing na- 
tion learned how convenient electricity could be, it be- 
gan using greater amounts in its industries and homes. 

Effect on industry. The introduction of electricity 
made possible two major changes in industrial plants: 
(1) Energy could now be distributed throughout the 
plant with greater flexibility and reach than was pos- 
sible by purely mechanical means. (2) As central- 
station power became available, it gave the factory 
owner and his engineer a choice they had not had 
before. They could continue to generate their own 
power, or they could purchase power from an electric 
utility. This alternative was particularly attractive to 
users of small amounts of power. 

For a number of reasons, these advantages were not 
immediately realized. As we've seen, emphasis in early 
electrical development was on lighting—first arcs and 
then incandescents. And at the beginning, motors were 
merely dynamos in reverse. It was some time before at- 
tention was given to designing units that were specif- 
ically adapted to industrial motor service. 

In the development of the industrial motor, the name 
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of Frank Julian Sprague stands out. After a short 
association with Edison, during which he developed a 
mathematical method for sizing mains and feeders in 
distribution systems, he devoted himself to making 
the motor a practical and reliable device for industrial 
work. He later pioneered in the development of street 
railways, electric trains, and elevators. 

As a result of the work of men like Sprague, Dr H J 
Ryan, M E Thompson, Prof. F B Crocker and Dr S S 
Wheeler, the de industrial motor came into wide use. 
Later, the work of Tesla, Elihu Thomson, and others 
brought into being a variety of practical ac motors. The 
stage was set for the electrification of industry. 

Industrial systems. More and more industrial power 
engineers began to see the advantages of joining elec- 
trical transmission to mechanical. A letter published in 
Power, Jan 1888, stresses the flexibility of such a sys- 
tem and cites the savings over a completely mechanical 
system in which all the transmission equipment oper- 
ates even when only a few machines run. Lighting 
companies began to put in circuits for motor loads. 

Many of these early installations were relatively 
simple, like the one pictured above. But by 1894, 
Power editors were describing what they believed to 
be the first large factory to be designed to use electric- 
ity as the sole means of power transmission—the Col- 
umbia Cotton Co at Columbia, S.C. The company 
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Switchboard of the 1880's was really made of board, 
had lamps and instruments mounted on its surface 


operated its own hydroelectric plant powering 17 ac 
motors of 65 hp each, separately controlled. 

The reasons that made the motor-drive attractive in 
industrial plants appealed as well to hotels, hospitals, 
office buildings and other service establishments. In 
June, 1899, Power editors described an outstanding in- 
stallation of this kind at the Waldorf-Astoria Hotel. 
They spoke of it as the largest isolated electric plant in 
the world, with 1500-kw generating capacity, 25,000 
electric lights, and 56 motors ranging from 90-hp units 
on big blowers down to fractional horsepower motors on 
coffee-grinders, scrubbing machines, meat choppers and 
small tools. In addition the plant supplied 750 electric 
clocks and all the bells throughout the building. 

New pattern emerges. Here, in the early stages of 
evolution, was the incredibly flexible power-transmis- 
sion pattern that has meant so much in the development 
of industry. Electrical energy—either generated on the 
spot, or purchased—is the heart blood of the system. 
Through arteries of wire and cable, it flows out through 
the plant to motors, some driving individual machines 
and others, through mechanical—transmission equip- 
ment, driving groups of machines. As this distribution 
pattern took shape, there developed the devices needed 
to control it—motor starters, circuit breakers and fuses, 
switchgear of all kinds—and to adjust it to special needs 
—transformers, motor-generators, rectifiers, ete. 
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Motor applications described in 1888 Power 
article include elevator, above, loom, below 


Further applications include: metal planer, 
above, and a direct-driven wood lathe, below 
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New power services came into being; old ones... 


In the industrial world of 1882, as we have seen, the 
relative importance of the power services was greatly 
different than it is today. Mechanical power was su- 
preme and electricity relatively unknown. Steam was 
used for both space and process heating, and water sup- 
ply was, of course, fundamental, as it is today. But com- 
pressed air was relatively little used in industry, re- 
frigeration was just beginning to be known, and the 
term “air conditioning” had not yet been coined. 

In the 25 years following 1882, all these latter serv- 
ices became increasingly important. This was in some 
degree the result of specific advances in each of these 
arts, but it also was the result of the electrification of 
industry. Motor drive gave new convenience and 
flexibility to such devices as compressors, pumps, fans, 
and blowers—the heart of service systems. 

Compressed air. The air compressor is a case in 
point. The art of air compressing is relatively old and, 
by 1882, the reciprocating compressor, with water- 
cooled jackets, had assumed something like its present 
form. It was either direct steam driven, or belted to 
an engine or lineshaft. With the motor drive to in- 
crease its flexibility of location and application, the 
air compressor became an ever more familiar sight. 

Much the same was true of the centrifugal pump, pio- 
neered in the early 1800's. Then the major type was the 
steam-driven piston pump, later it was the direct-acting 


Refrigeration unit built in 1885 for ice-making, 
beef cooling, had ponderous open-frame con- 
struction, was designed for steam-engine drive 


pump invented by Henry R Worthington in 1844, fol- 
lowed by his duplex of 1857. But with motor drive, the 
centrifugal began to shape up as industry’s workhorse. 

Refrigeration. For preserving foods, for chilling 
drinks, and a host of other uses, “cold” has always been 
desired. Until the latter part of the 19th century, how- 
ever, men had to depend on natural means—stored ice, 
evaporation, etc. At least one New Englander made a 
fortune shipping ice to India in fast clipper ships and 
ice-houses were a familiar sight. 

As far back as 1775, experimenters worked to pro- 
duce cold mechanically, but it was not until the 1800's 
that some measure of success was achieved. In the late 
1840's, John Gorrie, an American, worked with a com- 
pression cycle using air. Alexander C Twining used 
sulphuric ether as refrigerant and obtained a patent 
in 1853. David Boyle, a Scot who settled in Mobile, Ala- 
bama, invented the ammonia compression system, and 
in Europe, Prof C P G Linde independently arrived at a 
similar system in 1873. He carried it forward to con- 
siderable commercial success. 

By the 1880's a number of U. S. firms were building 
refrigeration compressors and several were developing 
the absorption system invented by Ferdinand Carre in 
1851. Early ammonia compressors were low-speed, pon- 
derous devices driven by belt from steam engines, or 
fitted with steam cylinders. First applications were for 


Motor drive had come into the picture by early 
1900's; here it mounts on single bedplate with 
semi-enclosed ammonia refrigeration compressor 
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... advanced in versatility, convenience, scope 


ice-making, cold-storage and special industrial opera- 
tions such as brewing. 
Again, the motor drive, particularly the direct drive, Pumps and compressors find wider use 
accelerated development. Compressors became more 
compact, more flexible in operation, and industry began 
to find more and more cooling jobs. 
Air conditioning. This art, which was to provide a 
tremendous market for refrigeration machinery, was 
unknown in 1882. Some elements of what we now know 
as air conditioning had been put into use and others had 
been tried. The practice of ventilation for places of pub- 
lic assembly was established. Humidification, in rela- 
tively crude form, had been applied in industry, 
particularly in textile mills. A variety of cooling schemes 
had been tried, most of them using ice and proving 
only partially successful. In a few cases, refrigerated 
coils cooled air for industrial processes. 
It is generally agreed that Willis H Carrier first com- 
bined the elements of modern, controlled air condition- 
ing in a 1902 installation for a lithographer. The Centrifugal pump from 1907 catalog has pulley for 
equipment cooled and dehumidified, heated and hu- belt drive, a primer fitted to inlet flange at left 
midified to maintain desired conditions. 
For some years, air conditioning served mostly to aid 
industrial processes. In this, controls played a big part. 
To the automatic temperature control invented in 1885 
by W S Johnson, Stuart Cramer, Edward Comfort, and 
Carrier added a variety of special devices. 


Air compressor of 1901 boasts rugged construction 
with a crankshaft and connecting rod of forged steel 


High-speed machinery was coming into the picture; 
this 1906 turbine-driven blower spun at 20,000 rpm 


Air conditioning in its complete, modern form 
dates back to a 1902 installation in a printing 
plant. Here Willis H Carrier starts first unit 
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Mechanized industrial boiler plant 


In 1890, the Claus Spreckels sugar refinery in Philadel- 
phia was a pace-setter in mechanical handling. Coal 
came in on special cars, was dumped to crushers, then 
elevated to horizontal conveyors for distribution to 
bins above the boilers. From storage it descended by 
sravity to the stoker hoppers. Refuse from the fur- 
naces dropped to ash pits which discharged to a hori- 
zontal conveyor in the basement. Conveying machin- 
ery, stokers were driven by small steam-engine units 


~ 


Utility uses traveling coal elevator 


A coal handling device becoming familiar at the turn 
of the century was the traveling coal elevator. It is 
pictured above as installed at the boiler house of 
United Traction Co, Allegheny, Pa. An electric motor 
operated the buckets and traversed the elevator leg. 
When positioned as desired, it raised coal from the 
track storage to the hopper of the appropriate boiler 


As power needs soared... 


At the turn of the century, power demands were rising 
sharply, particularly on the growing number of central 
stations. This meant larger plants: In 1882, a few 
thcusand hp had been large. By 1900, the largest plant 
had 56 boilers and 128,000 hp in steam engines. 

Larger plants and larger units made it uneconomi- 
cal, and in some cases impossible, to continue doing 
certain things the old way—handling and firing coal by 
human muscle, for example. And, for the central sta- 
tions, making power was now a business, putting new 
emphasis on higher efficiency. This meant higher pres- 
sures, more use of heat-recovery devices. 

Coal handling. Most plants at the turn of the century 
burned coal, but oil was coming into wider use, partic- 
ularly on the West Coast. Natural gas was being burned 
under boilers in a number of areas. And occasional 
experiments with pulverized coal were reported. 

Conveying equipment for handling and storing coal 
had been developed by pioneers like James Mapes 
Dodge. Now the growing size of coal-handling opera- 
tions was making further development and use of such 
equipment essential. By the early 1900's, a variety of 
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Mechanical draft comes into wider use 


The techniques of supplying draft mechanically, espe- 
cially forced draft, had been well known for some time, 
but did not find wide use until the turn of the cen- 
tury. Then, larger units and need for higher rates of 
firing made mechanical draft more attractive economi- 
cally. During this period, Power ran many discus- 
sions pro and con; drawing above is from one of them 


conveyors were available, along with bucket elevators 
and hoists. Mechanical stocking-out and loading equip- 
ment had been devised and there was even a prototype 
of today’s rotary car dumper. In 1905, Richardson ap- 
plied automatic scales to weighing coal. And in the 
boiler basement, conveyors or cable cars hauled ash. 

Stokers. The first ideas for mechanical firing date 
back as far as 1819, and by 1850 each of the basic de- 
signs—overfeed, underfeed, and traveling grate—had 
been introduced in at least crude form. In the U.S. 
the overfeed designs of Thomas Murphy and William 
Roney were well established in the 1880's. In 1889, Evan 
Jones brought out the single-retort underfeed, and in 
1903 came Taylor’s multiple retort. Another American, 
E B Coxe, made improvements in chain grates. 

The time was ripe for these improved models. Boilers 
were larger; higher and more uniform firing rates were 
growing increasingly important; labor and fuel were 
getting more expensive. But the case still had to be 
proved. In its March, 1897 issue, Power reported a sur- 
vey made by the Steam Users Assn. It showed an edge 
for stokers, but the margin was not decisive. So rapid 
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Stokers take the place of strong backs 


Sweating firemen and their coal scoops dominated the 
boiler room long after the idea of mechanical firing 
had been conceived and made practical. Here, again, 
larger units and changing economics pushed available 
technical advances into wide use. By the early 1900's, 
“modern” plants were usually stoker fired. Overfeed 
unit above is one of 56 at Waterside Station in N.Y. 


...- mechanization took hold in the boiler house... 


was the march of events, however, that a similar sur- 
vey 10 years later would have shown stokers in vastly 
greater favor—an essential to the modern plant. 

Mechanical draft. Here, the situation was much the 
same. Men like Rankine, Sturtevant and Ser had pio- 
neered the centrifugal fan and deduced basic fan laws 
before the Civil War. In the 90's, Rateau and Davidson 
made important improvements. But as late as 1900, en- 
gineers were arguing the economics of artificial vs natu- 
ral draft, often in Power’s pages. The tide was setting 
strongly in favor of mechanical draft, however. 

Steam boilers. Pressures were on the way up. In 
April, 1893, Power reported that boiler pressures had 
doubled in the past decade. Now 150 psi was com- 
mon and there was a growing number of 200-psi units. 

The water-tube boiler, including bent-tube types, was 
coming into its own, particularly in larger plants and 
at higher pressures. Although the water-tube design 
would have permitted larger unit sizes, the trend at 
the turn of the century was to large numbers of units— 
50, even 60, in big plants. This probably reflects limi- 
tations of materials and fabrication methods, and, 
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... and new or improved auxiliaries came into use 


perhaps more important, of firing methods. The po- 
tential was there, however, and the basic water-tube 
design would meet all demands of the future. 

The economizer, invented by Edward Green in 1845, 
was finding greater use as demand developed for 
greater efficiency. Experiments with devices for heating 
combustion air had been reported. Superheating was 
widely discussed but not commonly used. 

Higher pressure and larger units were focussing at- 
tention on water treatment. Trisodium phosphate, a 
new chemical then, won a prize at an 1888 exposition. 
But treatment was still something less than scientific 
if we are to judge from an item in July 1888 Power. 
It began, “It is always well to examine, in advance, 
the water that is intended for boiler use . . .” 

Air pollution was looming as a problem, ordinances 
were being drafted. New York Steam Co installed a gas 
scrubber in 1897 and Power columns carried items on 
jets for smoke prevention, smokeless combustion, etc. 

High-pressure piping. The trend to higher pressure 
that began with the central station made early piping 
with screwed fittings inadequate. There followed a 
wave of experimentation with flanged cast iron and cop- 
per. The latter had brazed bronze flanges and was often 
reinforced with steel wire or iron bands. Flanged cast 
steel was also tried. In 1894, makers of flanged fittings 


ai and valves agreed on standards for bolt circles, number 
t rae and size of bolts. By 1903, usual practice was wrought 


— A iron or steel pipe, with flanges riveted, screwed or 
welded. Steel valves came into use about 1904, as did 


the first motor-operated valves. 

Auxiliaries. In the 1890's, interest began to rise in 
the re-use of condensing water, with spray ponds or 
cooling towers. Some of the forced-draft towers of that 
era, left, have a very modern look. Paralleling this was 
a growing interest in surface condensers in contrast to 
then-common jet or barometric types. 

Jo ' Demand for higher efficiency, greater reliability, and 
: / o- more “automation” (they used the word then, too! ) 
led to new devices—recorders, controllers, alarms, feed- 
water regulators—and to improved designs of familiar 
units such as pump governors, water columns, etc. 


A forced-draft cooling tower of the ’90’s 


1901 “pop” Pump 1901 safety | 
safety valve governor water column regulator 
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First U.S. commercial steam turbines 


These 400-kw turbine-generators, installed in 1899 
at the Wilmerding, Pa. plant of the Westinghouse Air 
Brake Co, were the first U.S.-built steam turbines to 
see successful commercial service. The entire plant 
depended on these new prime movers; they fed elec- 
tric motors that replace steam engines and shafting 


The first steam turbines made their appearance. . . 


Ever-larger central stations put new demands on steam- 
generation equipment and prime movers. In the boiler 
house, as we have just seen, the answers were ready at 
hand and needed only to be applied. Not so in the case 
of the steam engine, which was nearing its limits in 
capacity and physical size at the turn of the century. 
At first, available engines had been more than ade- 
quate—in early central stations a single engine often 
drove several dynamos, sometimes through elaborate 
arrangements of belting and countershafts. Gradually, 
dynamo size increased, and direct-connected multipo- 
lar units were soon common practice. But it was becom- 
ing evident that generators, as they came to be called, 
were outstripping the engines available to drive them. 
If plants were to continue to grow in size, with an eco- 
nomically small number of units, a new prime mover 
was needed—a high-speed, high-capacity machine. 
An old dream. From the days of Hero of Alexandria, 
the idea of the steam turbine had intrigued inventors. 
Then, in the latter part of the 19th century, a clear 
need brought forth practical answers. Working inde- 
pendently, in different parts of the world, a handful of 
men of genius forged the last link needed to complete 
the modern system of power generation. 
One of these men was Gustaf Patrick DeLaval, whose 
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1893 turbine exhibit 


At the Columbian Exposition in 
Chicago, where so many techni- 
cal advances were revealed, one 
of the exhibits was this 10-kw 
turbine-generator designed by 
Gustaf DeLaval. The story is 
told that he had applied earlier 
for a U.S. patent on his expand- 
ing nozzle and had shipped 
the turbine-generator set to 
the U.S. to demonstrate the 
practicality of the nozzle. It 
then seemed logical to display 
the machine at the Exposition 


first major invention was the centrifugal cream sepa- 
rator. This interest in high-speed machinery led to 
experiments with turbines. His first unit was a single- 
stage reaction design, built and tested in 1883. From 
earlier work on steam nozzles for sandblasting, DeLaval 
conceived the idea of the expanding nozzle and incor- 
porated it in an impulse turbine, also single-stage. The 
first Swedish patent for the nozzle, which was basic to 
turbine development, was granted in 1888. 

Turbines take shape. The extremely high speeds char- 
acteristic of these units—up to 50,000 rpm—led DeLaval 
to develop high-speed helical gearing and the “flexible” 
shaft. A complete unit embodying all these features 
was built and tested in 1890. The first commercial units 
(5 hp) went into service in 1891. 

At the same time, at Gateshead, England, the young 
Charles A Parsons was working on multistage reaction 
turbines. In 1884, basic patents were secured and in 
following years a number of small turbine-generators 
were built, mostly for ships. In 1889, Parsons lost con- 
trol of his patents and, for a while, worked on radial- 
flow designs. He later regained his patents, and by 
1894 several turbine generators of modest size had been 
installed in British power plants. 

George Westinghouse grasped the possibilities of 
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Is it David and Goliathaar 


per minute. 


and, with the diesel, extended prime-mover size . . . 


the Parsons turbine and, in 1895, secured American 
rights. A period of experimentation followed. Then, 
in 1899, the first U.S. commercial installation was made 
at the Westinghouse Air Brake Co, Wilmerding, Pa. 
These were 400-kw units of horizontal design. 

Meanwhile a great American and a great Frenchman 
were making major strides in turbine development. In 
the 1890's, Charles G Curtis developed the idea of 
velocity compounding and Prof C E A Rateau the fun- 
damentals of multistage impulse turbines. 

Turbines on trial. As the new century opened, the 
steam turbine was about to enter the central station, 
where its great opportunity waited. Two 300-hp tur- 
bines of DeLaval design, manufactured in France, had 
been installed experimentally in the 39th Street Station 
of the Edison Illuminating Co of N.Y. before 1900. But 
the first U.S.-built central-station turbine went into 
service in 1900 at Hartford, Conn., in a plant with a 
famous name—Pearl Street. It was a horizontal con- 
densing machine. Although rated at 1500 kw, it actually 
developed well over 2000 kw. 

At its conservative 1500-kw rating, this machine 
weighed only 116 Ib per kw, against 400 Ib kw for cur- 
rent designs of engine generators. Weight savings like 
these, and equally impressive space savings, made the 
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Dignity and Impudence? 


Comparative size 
Kilowatt unit; turbine 
and engine at 73 revoletaas 


Compactness of the steam turbine ap- 


pealed to station designers. This pic- 
ture, on the cover of May 1903 Power, 
dramatically compared 5000-kw units: 
a steam-engine-generator, operating at 
75 rpm, and a turbine-generator, at 500 


new prime mover look good to plant designers. Perhaps 
even more attractive was the promise that turbine- 
generator sizes could be increased—although no one 
could foresee how enormously. 

Meanwhile, the steam engine had risen to what was 
to prove its zenith-the giant generator sets designed 
by Edwin Reynolds and installed in New York transit 
system plants just after turn of the century. These were 
rated 5000 kw and no larger stationary engines have 
ever been built. Here, then, was the end of the road for 
the steam engine in large plants. But it was not the 
end of the road in performance. The uniflow engine was 
soon to bring new levels of efficiency and steam engines 
were to continue meeting many application needs. 

Turbines gain acceptance. Against the 5000-kw be- 
hemoths of the transit plants, the compactness of the 
turbines stood out with startling clarity. And the large 
turbine, as it was improved, first gained equality in per- 
formance with the reciprocating engine and then ex- 
ceeded it. Recognition of the turbine’s ascension came 
in 1903, when Fisk Station in Chicago became the first 
to be designed for steam turbines exclusively. Early 
units were vertical, rated at 5000 kw. So fast was the 
pace of progress that 12,000 kw units were being in- 
stalled in the same plant by 1909. 
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5500-kw turbine-generator installed in 1905 is typical of 
the larger units that began to appear as the advantages 
of this prime mover were recognized. Operating at 750 rpm 
(25 cycles), this unit was installed in what was then the 
Williamsburg Station of the Transit Development Co, and is 
now Kent Avenue Power Station of N.Y.C. Transit Authority 


a. . and performance range 


The stir caused by the steam turbine was not the only 
excitement in the prime-mover world at the turn of 
the century. Activity was intense in the internal-com- 
bustion field, as well. Beginning in the 1890's, there was 
an upsurge of interest in large gas engines and in pro- 
ducers to supply gas for them. Many a Power column 
of those days carried the arguments of engineers con- 
vinced that a producer-gas plant could beat steam any 
day. Although few producer plants were built, some 
very large gas engines were, notably blowing engines. 

The diesel appears. The lasting result of this up- 
surge, however, was the diesel (see panel, right). In 
its sphere of application it was to prove every bit as 
revolutionary as the steam turbine. Close to being a 
self-contained plant, it offered the highest efficiencies 
yet attained, plus the great advantage of retaining 
its efficiency in small units. Just as the steam turbine 
became undisputed champion for large thermal power, 
so the diesel took the lead in smaller plants and for 
transportation and other mobile applications. 

Thus, by 1907, just 25 years after our story began, 
a series of revolutionary developments had established 
the broad outlines of modern power-service systems. 
From now on, our story deals more with extensions and 
refinements, hence will move at a faster pace. 
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The first U.S. diesel engine 


In the 1880's, gas engines of the Otto type were 
a familiar sight, and gasoline engines were be- 
ginning to be applied. Daniel S Regan and John 
Charter both had secured patents in this field 
and were building engines. George B Brayton 
had carried out extensive experiments with pe- 
troleum fuels but a commercially successful oil 
engine had yet to make its appearance. 


Two of them appeared on the U.S. scene in 
one year, 1893. One was the result of develop- 
ment in England by Herbert Ackroyd Stuart. He 
received his first patent in 1888 for an engine 
embodying a feature of modern “diesel” engines 
—the air was compressed separately. He used 
heat of compression and hot surfaces for igni- 
tion. Known as the Hornsby-Ackroyd engine, 
this design was introduced in the U.S. the same 
year as a 2-cycle hot-tube-ignition engine de- 
veloped by Carl Weiss. 


Also in 1893, a German patent was granted to 
Rudolf Diesel for a “rational heat engine”. A 
brilliant engineer, Diesel visualized an engine 
capable of fully realizing Carnot’s ideal cycle. 
The patent did not specify the fuel but coal dust 
was considered a possibility. In the long experi- 
mental period that followed, liquid fuels were 
used. A working engine was demonstrated in 
1897. 


Among those who were interested was Adol- 
phus Busch, who secured exclusive rights for 
America. On his return to the U.S. in 1898, 
Busch organized the Diesel Motor Co of Amer- 
ica, a name soon changed to American Diesel 
Engine Co. A German-built unit was brought to 
the U.S. in the spring of 1898 for testing. The 
first unit built here was based on German de- 
signs. It went into operation in Sept 1898 at the 
Anheuser-Busch brewery in St Louis (picture 
above). 


After a period of varied activity looking to- 
ward a design suitable for American conditions, 
the famous Type A engine evolved, the only 
engine used in the United States until 1912. 
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Temperature, F 


Plant heat rate, Btu per kwhr 


In this 50-year climb to higher steam conditions, Sig step was taken here —» 


The 50-year period beginning in 
1907 has been marked by a 
steady push to lower plant heat 
rates. In this push, higher steam 
conditions have played an im- 
portant part, as can be seen in 
charts, left. From top to bottom, 
these show: maximum throttle 
pressure, maximum throttle tem- 
perature and best station heat 
rate. Because of the nature of the 
data, and of the definitions ap- 
plied to it, these charts can only 
be generally representative. 
Photo at right shows Wey- 
mouth Station, where first 1200- 
psi unit began operating in 1925 


Demands for... 


Starting in 1907 in the neighborhood 
of 35,000 Btu per kwhr, best station 
heat rates have dropped to less than 
9000 today. And from a maximum 
turbine unit of 10,000 kw, supplied 
by perhaps 10 boilers, we have gone 
to units of almost 500,000 kw, with a 
single boiler. The story behind these 
advances is one of ceaseless effort by 
designers struggling against limits 
imposed by materials and methods. 

Superheat: The advent of the tur- 
bine settled the long argument over 
superheat; for turbine plants it was 
clearly advantageous. From 1907 to 
the early 20's, superheat was in the 
100 to 150-F range; with pressures 
around 200-300 psi, that meant total 
temperatures that didn’t exceed 
600 F. This was, however, beyond 
the cast-iron range—above 450 F 
cast steel came into use for turbine 
casings, valves, etc. 

Soon after 1907, turbines combin- 
ing initial impulse stages with re- 
action stages became the common 
type. Even then, exhaust area was 
the chief limitation on size. Earliest 
answer was the double-flow single 
casing. Cross-compounding §repre- 
sented a big step forward: Speed of 
low-pressure unit could be lower 
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and last-stage diameter could be 
greater, for more exhaust-annulus 
area. Importance of high vacuum 
was recognized and condenser im- 
provements were coming along. The 
steam-jet air pump, for example, 
was introduced about 1913. At about 
the same time, traveling screens 
were applied to protect condenser- 
water intakes. In 1915, world’s larg- 
est turbine-generator was 35,000 kw. 

Steam generation. In 1915 a major 
blow was struck against appallingly 
frequent boiler explosions—the first 
boiler code was adopted by the 
Council of the American Society of 
Mechanical Engineers. 

Soon the boiler entered a period 
of intensive development and evolu- 
tion to the modern steam generator. 
First steps came during World War 
I, when the long-held dream of pul- 
verized-coal firing came true, first 
in industrial plants and then in cen- 
tral stations. In industrial installa- 
tions the unit system led from the 
beginning, but in central stations the 
bin system was dominant for some 
years. By 1923, when Power pub- 
lished a tabulation of pulverized- 
coal jobs, some 10 utilities and 17 
industrials were so equipped. 


In the same wave of development, 
furnace water-cooling was making 
headway, with bottom, side and rear 
screens being tried before full walls 
came into the picture around 1924. 
Linked with this, and with pul- 
verized firing, was the greater use of 
air heaters. 

Higher pressures were also affect- 
ing boiler design. With higher satu- 
ration temperatures, amount of heat 
that could be absorbed in convec- 
tion “boiler” surface was getting 
limited. More and more heat had to 
be absorbed in waterwalls and re- 
covered in low-temperature surface; 
economizers and air heaters. Higher 
heat absorption in the furnace made 
the idea of slag tapping possible. 
With forced- and induced-draft fans 
as standard elements, the boiler of 
the late 1920's was beginning to look 
like a modern steam generator and 
to approach it in size—one million 
Ib per hr. 

Combustion control. In this fruit- 
ful period after World War I, an- 
other element of modern steam 
generation was being tried and find- 
ing favor—centralized combustion 
control. Since the 1880's, individual 
devices for guiding and regulating 
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... higher performance meant smashing barriers... 


combustion had been available— 
damper regulators, speed governors 
for stoker drives, etc. More recently, 
CO. and steam-flow air-flow meters 
had been developed. With larger 
boilers and more complex means of 
supplying fuel and air, something 
more was needed—an integrated 
system that would automatically 
maintain combustion _ efficiency 
while adjusting steam output to de- 
mand. 

Pressure jump. As late as 1923, the 
wisdom of higher pressures was de- 
bated earnestly, but the die was al- 
ready cast. In a matter of a few 
years, steam pressure jumped from 
the neighborhood of 300 psi to the 
600-psi first reached at Philo Station 
in 1924. Right on the heels of this 
record came the trailblazing instal- 
lation of Weymouth (now Edgar 
Station). There, a 1200-psi steam 
generator, and three 350-psi units, 
all stoker-fired, went into operation 
in 1925. High pressure was confined 
to a single 3000-kw 700-F turbine 
generator, which exhausted at 350 
psi to two 32,000-kw units. 

By 1929, Deepwater had been de- 
signed exclusively for 1200-psi 
steam and the Ford Motor Co had 
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Steam-generation progress marks the 1920's 


Right after World War I, a cluster of developments in steam generation 
brought into being essentially the full modern pattern. One of these 
was pulverized-coal firing, a subject of experiment since the 1880's. 
By 1916, commercial application had been made in industrial plants, 
and the early 1920’s saw rapid acceptance by large central stations. Re- 
lated to the advent of pulverized coal was an increasing use of air pre- 
heating. Another step toward the modern steam generator was furnace 
water-cooling. This had been foreshadowed in a variety of early forms, 
but the present-day waterwall dates from the early 1920's. Section at 
left shows water-cooled pulverized-fired steam generator of the period. 

For many years, individual combustion-regulating devices had been in 
use, but it wasn’t until the end of World War I that the concept of an 
integrated, centralized combustion-control system took form. The photo 
above shows a pioneer installation at New York’s Sherman Creek Station 


. so designers created new materials, methods . 


ordered a 110,000-kw unit at 1200 psi. Discussion was 
rife about the 1800-psi 800-F reciprocating-engine plant 
for the Philip Carey Mfg Co, and the experiments in 
superpressure being conducted by Mark Benson. 
Fusion welding. Basic to development of larger 
high-pressure steam units was the art of fusion weld- 
ing and of procedures for inspecting welds. In the 20’s, 
welding was finding increasing use in piping systems. 
By 1930, the first welded-steel condenser had gone into 
service, turbine casings were being welded, and meth- 
ods had been fully developed for welding boiler drums. 
This was approved by the ASME boiler-code commit- 
tees and was covered in the 1931 edition of the Code. 
Larger and more complex boilers presented new 
problems to makers of auxiliary equipment. For one 
thing, more and better soot blowers were required and 
they had to resist increasingly high temperatures. This 
led to development of special heat-resisting alloys and, 
eventually, to retracting or telescopic designs. Higher 
pressures revolutionized gage-column design, and re- 
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mote indication of water level became desirable as 
units ingreased in physical size. Equally important, im- 
proved feedwater regulators had to be developed. 

Higher pressures also directed more attention to 
water quality. Caustic embrittlement had proved an in- 
creasing problem and this was one of the strong reasons 
for adopting welded drums. The almost exclusive de- 
pendence on internal treatment that had characterized 
earlier days had given way and external treatment with 
zeolites or hot lime-soda was widely used. For the pio- 
neer high-pressure plants, makeup was evaporated and, 
as demands became more severe, pretreatment was 
added. Continuous blowdown became common. 

New cycles. In their striving for higher efficiency, 
designers turned to more complex cycles. By the early 
1920's, regenerative feedheating was well established, 
using two or four bleed points. High pressures brought 
the reheat cycle into use in the mid-20’s. At the top 
temperature of 700 F that was current when the pioneer 
600- and 1200-psi units went into service, reheat was 
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From new needs came equipment advances 


Advances in steam generation put new demands on the feed- 
water system. Water quality became more important and ex- 
ternal treatment was considered increasingly necessary. Use 
of sodium zeolite was introduced into the U.S. in 1914; 
photo at the upper left shows a central-station installation 
of 1920, with gravity softeners and pressure filters. 

For the 1200-psi installation at Weymouth Station, the 
boiler-feed pump shown left was developed. It raised pres- 
sure of main feed system from 425 to 1300 psi for the high- 
pressure steam generator, was driven by a 3600-rpm motor. 

A major step toward higher steam temperatures was taken 
in 1929 when Detroit Edison Co ordered a 10,000-kw exper- 
imental turbine for 1000 F, 365 psi, at a time when highest 
temperature was 750 F. Photo above shows British-built unit 


... lo bring about modern steam power stations... 


essential to avoid excessive moisture in final turbine 
stages. (Stellite shielding for last-stage blading came 
in about 1929. ) 

As another approach to high performance, the mer- 
cury cycle had been suggested by W L R Emmet in 
1914. It got its first full-scale trial at Dutch Point Sta- 
tion in Hartford, beginning in 1923. Over the next 25 
years, a substantial number of installations were made, 
many problems solved, and technical feasibility demon- 
strated. But changes in the economic picture, including 
the cost of mercury, prevented wide use. 

Higher temperatures. In 1929, while 750 F was still 
considered top temperature, Detroit Edison Co entered 
on an extensive experimental program, including pur- 
chase of a 10,000-kw turbine-generator to operate at 
1000 F. From this program, and from countless hours 
of laboratory investigation by equipment manufactur- 
ers, came assurance that carbon steels would serve up 
to about 825 F. It also became clear that at high tem- 
peratures the key problem was “creep”—continuing de- 
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formation under constant stress. Many alloying agents 
were investigated and molybdenum proved effective in 
resisting creep. Using carbon-moly steels, designers 
pushed temperatures beyond 900 F by the late 30's. 

As a result of rising throttle temperatures, reheat 
proved unnecessary at the pressures prevailing through- 
out the 1930's and early 40’s. Another result of higher 
temperatures was increased concern about turbine- 
system oil fires. Protective systems using CO, and “fog” 
nozzles were installed, and a fire-resistant hydraulic 
fluid was developed. 

Firing systems. From its advent in the early 20's, pul- 
verized firing advanced rapidly. At the same time, 
stoker development was pushed and steam generators 
of more than 500,000-Ib-per-hr capacity were stoker- 
fired. Beginning in the 1930's, however, suspension 
firing became the dominant form in the central-station 
field, particularly after combination burners for p-c, oil 
and gas were developed. During the 1930's water-cool- 
ing was applied to underfeed stokers and spreader 
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Solid injection, supercharging, and other advances boost diesel specific output 


After the original Diesel patents expired, a growing 
number of U.S. builders took part in developing 
engines suited to American conditions. Beginning 
about 1914, solid, or mechanical, injection began 
to gain in application and by the late ’20’s had 
largely superseded the original air injection. 

Early U.S. diesels had been comparatively small, 
but in 1915, Phelps Dodge Corp bought twelve 
1250-hp units, and, in 1926, three 3750-hp engines 
were installed at the Panama Canal. In 1931, five 
7000-hp engines were installed at Vernon, Calif. 
Maximum size yet built in the U.S. is 12,800 hp. 

From the beginning, designers sought higher spe- 
cific output. Solid injection helped, as did gradually 
increasing speeds. Big advance came with intro- 
duction of turbocharging. Dr A J Buchi first tested 
his system in Switzerland in 1911. It was not until 
1934, however, that it was tested in the U.S., on 
the engine pictured (left.) In recent years, turbo- 
charging has become common practice. Advances 
like intercooling, the constant-pressure system, and 
series supercharging have increased its effectiveness 
and made it applicable to 2-cycle as well as 4-cycle 


... While carrying diesel and hydro plants to. 


~~ it : stokers began to gain favor, especially in the industrial 
field. In both central stations and industrial plants, oil 
' and gas became more widely used. 

Suspension firing of coal brought increased emphasis 
on dust collection, with both electrostatic and mechani- 
cal types of collectors. Flyash disposal began to loom as 
a problem. 

Unit capacities. Up to the beginnings of the 1930's, 
unit capacities rose steadily. A single-casing turbine 
of 75,000 kw was installed at Huntley Station about that 
time, Hudson Ave had a 160,000-kw tandem-compound, 
and State Line had the biggest of all—a 208,000-kw 
triple cross-compound. 

During the depression years and World War II, rela- 
tively little capacity was added to central stations and, 
for what was added, superposed or “topping” units often 
proved most suitable. Thus, there was little demand 
for exceptionally large machines. The use of 3600 rpm 
increased, however, and, beginning about 1937, hydro- 
gen cooling was applied to turbine-generators. 

Although there was relatively little construction dur- 
ing World War II, considerable technical progress was 
made and postwar plants reflect such advances as the 
new high in steam conditions registered in 1941 at Twin 
Branch—2400 psi, 940/900 F. After graphitization prob- 
lems had revealed limitations of the carbon-moly alloys, 
the chrome-moly alloys took temperatures up to 1050, 
a common figure for many of today’s plants. In the few 
1100-F designs, and the projected 1200-F, austenitic 


Grand Coulee plant is largest concentration of 
power in the free world—3,102,000 hp. First of 
eighteen 108,000-kva generators was built in 1938 
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The gas turbine makes its bow 


In 1949, for the first time, a gas turbine 
went into commercial power-generating 
service in the U.S. (photo, right). Old 
in concept, like the steam turbine, the 
gas turbine proved more difficult to bring 
to practical success. A surge of interest 
in the early 1900’s got nowhere because 
metals for the necessary high tempera- 
tures weren't available and there was then 
no high-efficiency compressor. 

By the 1930's, metallurgical advances 
and the development of axial compressors 
made it possible for men like Dr Adolphe 
Meyer of Switzerland to design practical 
open-cycle plants. First used in connec- 
tion with the Velox boiler and Houdry 
catalytic process, gas turbines were ap- 
plied for standby power in 1939. Ackeret- 
Keller closed cycle was tested in 1939. 

U.S. gas-turbine activity in the early 
1940’s was almost exclusively military, 
but civilian uses—pipelines and railroads, 
for example—came quickly after 1945 


... new heights and adding another prime mover 


materials are used in the high-temperature zones. 

For most current plants, 2400 psi is top pressure, but 
the first U.S. superpressure unit—at Philo—is now oper- 
ating and will soon be joined by others. 

Plant features. With boiler and turbine capabilities 
and availabilities essentially equal, the unit scheme has 
been common in postwar plants. Since pioneer outdoor 
installations were made in the early 1930's, an increas- 
ing number of outdoor and semi-outdoor plants have 
been built. Centralization of control has been a domi- 
nant feature of most postwar stations. Increased use of 
cooling towers reflects demands on water supplies. 

In the postwar period, 3600 rpm has become essen- 
tially standard for turbine-generators, except for low- 
pressure elements of large compound units. Higher 
hydrogen pressures, so called “supercharging,” and 
liquid cooling have removed generator size limitations. 
Maximum size reached is 450,000 kw (on order). Re- 
heat is again common practice for large units. 

Steam generators. Since the late 1930's, growing at- 
tention has been paid to steam-drum internals and to 
means for control of superheat. To give greater fuel 
flexibility, furnace heat releases have become more 
conservative and a number of special furnace designs 
developed. In the postwar period, pressurized furnaces 
and flue-gas recirculation came into the picture. 

The postwar years have seen electronics invade the 
power plant—in instruments and controls of all kinds 
and in form of TV monitoring of furnaces, gages, etc. 
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Since 1937, when carbonaceous zeolites were first 
used, ion-exchange methods have advanced rapidly. 
First came weakly basic resins, then the strongly basic 
resins to remove silica, then mixed-bed demineralizer. 

Internal combustion. In addition to turbocharging, 
(see above, left), the 1930's saw first use of welded- 
steel frames and introduction of the combination fuel 
pump and injector. Isochronous governors also came in. 

As gas became an increasingly attractive fuel, inter- 
nal-combustion engines were adapted accordingly. In 
the early 1930's, convertible engines appeared, which 
could be switched from oil operation to gas in a matter 
of hours. By 1936, an engine burning gas on the full 
diesel cycle was in use, and by 1945, dual-fuel engines 
were coming in. These could shift instantaneously from 
oil to gas, or burn both fuels in combination. This, in 
turn, led to development of high-compression spark- 
ignition engines for use where gas is sole fuel. 

Hydro plants. First commercial propeller-type tur- 
bines appeared in 1916 and the kaplan turbine was in- 
troduced in the U.S. in 1928. The next year saw the first 
U.S. pumped-storage plant—Rocky River, Conn. 

When Boulder Dam was started in 1930, there began 
the era of giant projects developed by government agen- 
cies. The year 1936 saw first operation of Boulder, Norris 
and Wheeler in the TVA, and the first installations at 
Bonneville. Then came Grand Coulee (photo, facing 
page ). In the years since there has been a steady pace 
of large-scale activity, with more to come. 
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As industrial operations grew more demanding... . 


As the world of power generation grew and became 
more complex in the years after 1907, so too did the 
power-service world. The continuing invasion of indus- 
try by science and technology displaced traditional 
methods, set new standards of performance for men as 
well as machines. This in turn meant new standards for 
the services that energize production and provide the 
environment within which it takes place. 

During the past 25 years, the basic services of steam, 
mechanical power, and water supply had been in- 
creased by electricity, compressed air and refrigeration. 
Just after the turn of the century, a newcomer—air con- 
ditioning—had made its first tentative bows. Now, in 
the more complex industrial world that was taking 
shape, all the power services would have increasingly 
important roles to play. 

Refrigeration. In the early years of the century, com- 
pression and absorption systems using ammonia were 
actively developed. Ability to use exhaust steam fa- 
vored the absorption system, as did its ability to reach 
subzero temperatures. Then, beginning about 1915, the 
electric utilities made attractive rates available for the 
high load-factor refrigeration loads. In the early 20's, 
compound systems took the compression machines 
down to low temperatures and use of absorption systems 
began to decline. In this period also, diesel and gas 
engine drive became attractive in many locations. Shift 
from steam drive in ice plants required methods for 
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Until 1920, compressors for air-con- 
ditioning were reciprocating am- 
monia units. But possibilities of 
high-speed rotative units suited to 
motor drive looked increasingly at- 
tractive. Such a unit had been pat- 
ented abroad, using water-vapor 
refrigerant. In the U.S., the experi- 
mental machine shown (left) was 
demonstrated in 1922 using dielene 
as refrigerant. A commercial design 
was installed the next year in a 
candy plant. In 1926, methylene 
chloride was introduced as refriger- 
ant for centrifugal units. 

In 1930, the freon refrigerants 
became available. Perhaps best 
known of these is freon-12, used ex- 
tensively in modern reciprocating 
machines. An intermediate product 
in the manufacture of freon-12 is 
trichloromonofluoromethane, freon- 
11. It proved a desirable refrigerant 
for centrifugal compressors, now 


finds wide use. 


making clear ice with raw instead of distilled water. 

World War I created a variety of new industrial de- 
mands for refrigeration and the upswing in comfort air- 
conditioning that followed in the 20's brought still 
further demands. One result was interest in the centrif- 
ugal compressor and non-toxic refrigerants. From its 
introduction in the 20's, the centrifugal has found great- 
est use in high-volume low-head applications. 

During the late 20’s a considerable number of CO, 
systems were installed in public buildings, where lack 
of toxicity was a criterion. Then, in 1930, the freon re- 
frigerants were announced by Dr Thomas Midgley, Jr. 
Members of this family are used in both reciprocating 
and centrifugal machines. 

The development of quick-freezing in the early 30's 
led to renewed interest in low temperatures. In recent 
years, industrial processing has called for temperatures 
as low as—165 F; and cascade systems using two or 
more refrigerants have been developed. 

Heat pumps. Since pioneering installations in the 
30’s, the heat pump, or reversed-cycle refrigeration sys- 
tem has been of considerable interest, both for com- 
mercial applications and domestic. Except where 
climate and power rates are favorable, the heat pump 
hasn't been able to prove itself economically. 

In the years after 1907, the embryo art of air condi- 
tioning concerned itself mainly with industrial appli- 
cations—in textile mills, tobacco, plastics and food 
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D ds of ai ditioning bring forth d refri 
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In the past 50 years, compressed air has become essential to 
virtually all industrial operations. It powers hammers and 
presses, serves on production machines to handle and clamp 
the work, conveys bulk materials. In systems of instrumenta- 
tion and control, compressed air is often the actuating me- 
dium. Perhaps most important, it powers light, hose-fed 
portable pneumatic tools for a vast array of tasks. 

The reciprocating compressor, improved by many mechani- 
cal advances, remains the workhorse of the field. But other de- 
signs—rotary, centrifugal, and, most recently, axial-flow—have 
been developed to meet specific service needs. 

For reciprocating units, “plate” valves, working on differen- 
tial pressure, came in before World War I, largely replaced 
poppet valves. Steady increase in compressor speeds has made 
them lighter, more compact. Desire for compactness has led to 
V and W designs, closer integration of motor and compressor. 

Instrument and control applications, liquid agitation, and 
carbon-dioxide compression for brewing and other processes 
led to an increasing demand for air absolutely free of lubricant 
contamination, and thus to non-lubricated units. 

Availability of small motor-driven compressors opened up 
possibilities of decentralizing air systems, with compressors 
located near load centers serving small local piping systems 


+. power-service equipment gained in versatility. 


plants, and the new rayon mills. In 1911, the art began 
to become a science when W H Carrier read his famous 
paper proposing rational psychrometric formulae. 
Comfort conditioning. Although several comfort- 
cooling installations had been made in hotels, theatres, 
and other public places, the upsurge in such applica- 
tions did not occur until the 1920's, when “20 degrees 
cooler inside” became a potent sales slogan. 
Beginning in the middle 30's, air conditioning began 
to gain acceptance in office buildings, sleeping quarters 
of hotels and other large multi-space structures. A wide 
variety of systems were developed to meet the special 
needs of such applications, including the several high- 
velocity systems. 
Heating. The basic art of space heating by steam, hot 
water, and warm air was well established in the 1880's 
when our story began. An important addition to this art 
-the unit heater—is said to have had its beginnings 
during World War I, when rapid construction of indus- 
trial buildings demanded a quickly available, flexible 
heating element. Certain it is that during the 1920's, and 
since, a wide variety of unit heaters have been de- 
veloped—including direct-fired heaters and units with 
centrifugal blowers. 
During the 1930's, attention focussed on control of 
heating systems. The practice of zoning came into gen- 
eral use, as did thermostatic inlet valves for radiators. “Packaged” boilers appeared in the 30's 
Extended-surface convectors and heating coils became and quickly demonstrated advantages for 
industrial space heating and process work 
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Industrial motors have made many strides since turn of the century. 
Typical: Adoption of the synchronous motor with its constant speed 
and pf correction. Photo shows pioneer unit (1919) “flywheel” type 


... plant electrical patterns changed, and new... 


more widely used, particularly with forced-circulation 
hot-water systems. Renewed interest was displayed in 
radiant or panel heating methods. 

“Packaged” boilers. Basic to heating, process and 
small power applications, was the fire-tube boiler, the 
several types of which had not changed greatly for dec- 
ades. In the mid-30's, the “packaged” fire-tube boiler 
was introduced. This was an oil-fired high-efficiency 
internal-furnace design, mounted with all necessary 
control and auxiliary equipment on a single bedplate 
and sold under a single responsibility. Equipped with 
mechanical draft and requiring only a minimum stack 
to carry away flue gas, it could be shipped in one piece 
and installation required only fuel, water and electrical 
connections. So sound was the idea that it has been 
widely adopted for the full range of industrial steam 
applications. A similar trend to “packaging” and stand- 
ardization followed in the water-tube field. 

Industrial motors. By 1907, the motor had won a firm 
place for itself in industry. But much remained to be 
done to fit it for the full range of production tasks and 
to provide the control equipment needed to make it 
flexible and convenient. Although one of the oldest 
motor types, the synchronous design had little accept- 
ance until about 1911 when it became not only self 
starting but able to start under load. Right after World 
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War I, engine-type synchronous motors began to be 
applied to tough compressor drives, and automatic 
starting was developed. Later came full-load pull-in 
torque, and pushbutton starting. 

During the 20’s other elements of modern industrial 
electrical systems came into being: metalclad switch- 
gear, deionizing circuit breakers, totally enclosed fan- 
cooled motors, part-winding starting for ac motors, to 
name but a few. 

Similar progress marked the 1930's: fire-resistant 
transformer fluids, explosion-proof motors, busway, dry- 
type transformers with high-temperature insulation. 

Unit substations. Industrial electrical systems were 
rapidly becoming big business, and like their utility 
system counterparts, changes in pattern were necessary. 
With bigger loads and larger areas, distribution losses 
demanded that high voltage be carried nearer the con- 
suming centers. Instrumental in making this possible 
was the unit substation—a factory assembled combina- 
tion of transformer, switchgear and protective equip- 
ment, introduced in the early 1930's. With this basic 
idea, and with equipment that had greatly improved re- 
liability and safety compared with older designs, it was 
possible to move high voltage out into the plant, do 
the necessary transformation at the secondary level, 
and do it at many points, near plant load centers. 
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Unit substations, introduced in early 1930's 
for utility systems, are now used extensively 
in industrial load-center distribution systems. 
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Multiple V belts were introduced in 1924, just 
after the single V was applied in the auto field 


Early oil-filled transformers lost ground to the 
askarels because of fire hazard. Today the 
trend is heavy in direction of the dry-types 


... drives went to work 


Not only did this load-center idea yield savings in 
first and operating costs, it gave great flexibility as 
well. In the evolution of unit substations, distribution 
duct, and motor control, the emphasis has been on what Fluid drive, important means for giving speed 
might be called the “building block” idea,—standard- flexibility to ac motors, was introduced in 1932 
ized elements that can be combined and added to 
meeting changing load needs and growths. 

Mechanical transmission. No story of the develop- 
ment of modern systems for utilization of electric energy 
in industry would be complete without reference to the 
links that connect most motors to their loads, and often 
provide for speed differences and speed variation. 

For many years, flat belting did the job. Around 
World War I, short-center drives came in, and in the 
mid-20’s pivoted motor bases. About the same time, the 
V belt, in single and multiple form, was made success- 
ful. For short centers and heavy loads, silent chain in 
various forms has been used since the early 1900's. 

Since most motors are constant-speed devices, there 
has long been need for speed-varying units and many 
mechanical designs have been used since the turn of the 
century. Since the 1930's, there has been a marked 
trend to “packaging” these units with the motor. Fluid 
and magnetic couplings were introduced in the 30's. 
Recently we have seen a number of new systems for 
regulating speed of the motor itself. 


Another answer to need for speed variation was 
the “packaged” motor and variable-speed drive 


Mechanical drives: New flexibility ake 
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From the electrical to the nuclear revolution 


Today we stand in much the same position as did our ancestors 
of 1882. Around us we see a familiar power world, in whose 
building we have had a part. And, as they did, with a mixture 
of anticipation and disquiet, we see the beginnings of a revolution. 
For them it was the electrical revolution, with the untold changes 
that were to come in its train. Today it is the nuclear revolution, 
which future historians may say began in 1942 when the first 
controlled nuclear reaction took place under the stands of Stagg 
Field at the University of Chicago. 


The power world of 1957 is yet only faintly affected by the 
pioneer work of nuclear scientists and engineers, as the power 
world of 1882 had yet to feel the impact of the work of Gramme, 
Brush, Edison and all their unsung fellows. 


In this power world of 1957 we produce energy from a variety 
of fuels, and from falling water. We produce much of it in the form 
of heat—usually as steam—and convert a large part immediately to 
electricity. Some of the production is carried out centrally by 
public utilities that distribute to industrial, commercial and domes- 
tic users. Some is carried out by the industrial users themselves. 
In either case, the great carrier of energy is electricity. 


In industrial plants and service establishments, energy is con- 
verted in manifold ways to manifold purposes. It drives our ma- 
chines, pumps our water, lights and warms our buildings, provides 
controlled environments for industrial processes and for human 
workers, handles scores of specialized tasks. 


Will this familiar pattern be changed beyond recognition by 
nuclear energy, as electricity changed the pattern of 1882? The 
answer, we believe, lies in the difference between these two energy 
forms. Electricity is an intermediate form; we yet have no way of 
producing it directly from raw materials, we use it always to 
produce mechanical energy, heat or light. And this is the very 
reason for the magnitude of the changes electricity wrought—it 
changed everything from the point of production right through to 
the point of application. 


On the other hand, nuclear energy may be considered as a new 
and abundant form of fuel. As far as we can see now, it will change 
our basic methods of producing energy but it seems unlikely to 
change our methods of distribution and use. Thus, to our resources 
of fossil fuels and falling water, we have added fissionable and, 
perhaps, fusionable materials, pushing far into the future any 
prospect of an energy famine. 


5000 to 450,000 KW... 
a tribute to 93 years of = 
turbine-generator progress 


In 1903, the world’s first large steam turbine-gener- 
ator—rated 5000 kilowatts—was installed at the Fisk 
Generating Station, Commonwealth Edison Com- 
pany. Advance in turbine-generator design and per- 
formance came so fast that after only six years of 
reliable service, this first large turbine-generator was 
replaced by a new unit more than twice as powerful. 
In 1909, the first unit was dismantled, returned to 
Schenectady and erected as a permanent monument 
to the skill and engineering genius of the men who 
built it. 


Today General Electric is designing steam turbine- 
generators rated 450,000 kw —90 times that of this 
first unit. Fifty-three years ago the total installed vous: 
electric power capacity of the United States was ee 
approximately three million kilowatts. Today it is ee 
over 120 million, an increase of 4000%! 


General Electric’s Turbine-Generator Development 
Laboratory is another significant step toward the 
future. Continued engineering developments, financial 
daring and close co-operation with electric utilities 
and consulting engineers are making it possible to 
design the turbine-generators needed for tomorrow’s 
tremendous load growth. Large Steam Turbine- 
Generator Department, General Electric Company, 
Schenectady 5, New York. 254-52 


“Monument to Courage’’—recently rededicated in ceremonies held in General Electric’s Turbine-Generator Development 
Schenectady, N. Y. William L. R. Emmett and Thomas A. Edison Laboratory where full-scale tests and measurements, 
(left) and Charles P. Steinmetz (light suit), early pioneers in the electric | some of which were impossible to obtain before under 
industry, are pictured before the world’s first large turbine-generator. actual operating conditions, are now being made. 
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Why does 


‘BOURDON TUBE 


in the 
ASHCROFT 
DURAGAUGE 
insure sustained 


accuracy? 


8 TUBE MATERIALS permit selection of the 
best metal for particular service conditions. These 
materials include phosphor bronze, alloy steels, 


POR CAST SERVISE, “K” Monel, stainless steels, and beryllium copper. 


get in touch with your 

Industrial Supply Dis- Every Bourdon tube used in the Ashcroft Duragauge 

is extra-wide — highly sensitive to slight 

an 4 pressure changes. Socket and tip joints are welded 

proper selection for all or brazed, then stress relieved after assembly, 

kinds of applications. to assure maximum safety and uniform structure 
for highest corrosion resistance and strength. 
Each tube assembly is “whip tested” at pulsating 
pressures approximately 50% higher than its 
pressure rating to insure calibration stability. 


The Ashcroft Duragauge is available with 
all-stainless-steel movement or stainless steel 
with nylon bearings and pinion gear. A choice 

of case designs and materials, dial sizes and pressure 
ranges readily satisfy the most exacting 
requirements. Whatever the working pressures 

or corrosive conditions of your operations, specify 
Ashcroft Duragauges and be sure of highest 
sustained accuracy and long service life. 


MAXWELL A product of MANNING, MAXWELL & MOORE, INC. stRATFORD, CONNECTICUT 


& MAKERS OF ‘AMERICAN’ INDUSTRIAL INSTRUMENTS, ‘CONSOLIDATED’ SAFETY AND RELIEF VALVES, ‘AMERICAN-MICROSEN’ 
M i INDUSTRIAL ELECTRONIC INSTRUMENTS, Stratford, Conn. ‘HANCOCK’ VALVES, Watertown, Mass. ‘CONSOLIDATED’ SAFETY 
TRADE MARK 4 RELIEF VALVES, Tulsa, Oklahoma. AIRCRAFT CONTROL PRODUCTS, Danbury & Stratford, Conn. and Inglewood, Calif. 
“SHAW-BOX’’ AND ‘LOAD LIFTER’ CRANES, ‘BUDGIT’ AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES, 
Muskegon, Mich. 


MANNING 
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Milestones of power progress 


In its pages, Power has recorded the 
development and expansion of the 
power field since 1882. From those 
pages, from engineering histories, and 
from the records of power-field com- 
panies, we have summarized here, in 
convenient chronological form, the 
events and names that mark the ad- 
vances of the past 75 years. 

As anyone who has done historical 
research knows, the record of the past 
is often fuzzy or obscured. Where there 
have been conflicts as to dates or credits, 
we have resolved them in accordance 
with what our judgment indicated was 
the weight of the evidence. 

We have, of course, tried to cover 
all aspects of power-field development, 
but the final result, naturally, reflects 
not only the availability of information 
but exercise of our judgment as to items 
of greatest interest and significance. 
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In the years before this chronology began, foundations 
had been laid for many future advances. The water tur- 
bine was superseding the waterwheel. Steam engines, 
including the corliss type, had reached a high state of 
development. The watertube boiler was gaining on the 
prevalent firetube type. Most boilers used natural draft 
and hand firing but mechanical stokers and draft fans 
were available. The pop safety valve was in use, as were 
early forms of low-water alarms, draft regulators, steam- 
pump governors, pressure reducers. Feedwater was heated 
in both open and closed units, delivered by injectors or 
by direct-acting steam pumps. Insulating materials in- 
cluded asbestos and mineral wool. The gas engine was 
gaining acceptance. 

By 1882, steam, hot-water and hot-air heating had 
come into use, district heating had been tried on a small 
scale, humidification and ventilation were practised. 
Steam and hydraulic elevators served the taller buildings 
that were springing up. The principles of mechanical 
refrigeration were beginning to be applied commercially. 
Reciprocating air compressors were developed and the 
centrifugal pump was gaining acceptance. 

In the electrical field, destined for intense activity dur- 
ing the next few decades, scientists had experimented 
with electrostatics for centuries. Practical dynamos, arc 
and incandescent lights were focussing attention on cur- 
rent electricity. 


Holborn Viaduct Station, world’s first commer- 
cial station for electric lighting, opens January 
in London; Thomas Edison’s Pearl Street Sta- 
tion in New York serves its first customers in 
September, and a few weeks later, America’s 
first hydroelectric plant starts up in Appleton, 
Wis. Edison applies for a patent on his 3-wire 
system; Gaulard and Gibbs obtain British pat- 
ents on a “series alternating-current system of 
distribution”; the electric fan is invented by Dr 
SS Wheeler; lower Manhattan receives its first 
purchased steam. 


1882 


Edison’s 3-wire double-voltage system is used 
for distribution from a new central station at 
Sunbury, Pa.; a 6-mile electric railway operates 
out of Portrush, Ireland. Olin J Garlock dem- 
onstrates the advantages of a cut-and-fitted pack- 
ing ring; DeLaval builds his first practical steam . 
turbine—-a reaction design. Edison discovers 
electrons flow through (Continued on p C+80) 
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For years past...and years to come... 


FIRST IN FUEL BURNING EQUIPMENT WITH 
THE MOST COMPLETE LINE OF THE INDUSTRY 


RILEY’S COMPLETE LINE OF FUEL BURNING PRODUCTS WILL ENABLE 
YOU TO SOLVE ANY CONCEIVABLE FUEL BURNING PROBLEM 


ANTHRACITE 


Riley Side Dump Stokers with sta- 
tionary or moving combustion grates. 


Riley Traveling Grate Stokers for 
burning low grade coals, anthra- 
cite and coke. 


Riley Spreader Stokers for steam 
capacities up to 350,000 Ibs./hr, 


Riley-Harrington Traveling Grate Stoker 
Riley RT Traveling Grate Stoker 


BITUMINOUS 


Riley Stoker (Multiple Retort) 

Riley Dumping Grate Spreader Stoker 
Riley Traveling Grate Spreader Stoker 
Riley Oscillating Grate Spreader Stoker 
Riley Side Dump Underfeed Stoker 
Riley-Harrington Traveling Grate Stoker 
Riley RT Traveling Grate Stoker 

Riley Pulverizers 

Riley Ball Mills 

Riley Flare Type Burners 

Riley Turbo Furnace 


PETROLEUM COKES 


Riley-Harrington Traveling Grate 
Riley RT Traveling Grate Stoker 
Riley Pulverizers 

Riley Flare Type Burner 

Riley Turbo Furnace 


RILEY FUEL BURNING AUXILIARIES 


Riley Automatically Controlled 
Ignition System 

Riley Continuous Spark Ignitor 

Riley Fuel Proportioner (Unhogged 


Bar' 
Riley Chain Type Feeder (Bagasse, 
Cellulose Fuels) 
Riley Worm Type Feeder 
Riley Stop Valves 
Riley Crusher Dryer 
Riley Feeder Crushers § Ball Mills 


Pulverizers 


SEMI-ANTHRACITE 
Riley Dumping Grate Spreader Stoker 
Riley-Harrington Traveling Grate Stoker 
Riley RT Taveling Grate Stoker 


LIGNITE 


Riley Dumping Grate Spreader Stoker 
Riley Traveling Grate Spreader Stoker 
Riley-Harrington Traveling Grate Stoker 
Riley RT Traveling Grate Stoker 

Riley Pulverizers 

Riley Flare Type Burners 

Riley Turbo Furnace 


FLUID COKE 


Riley Pulverizers 
Riley Turbo Furnace 


OIL, GAS (Natural, Blast Furnace, Coke Oven) 
Riley Flare Type Burners 
Riley Intertube Burners 
Riley Turbo Furnace 


REFUSE FUELS 
(Waste Woods Hogged Bark, 
Unhogged Bark, Bagasse) 
Pneumatic Spreader Stoker 
with either Dumping Grate, 
Traveling Grate, Water Cooled Grate, or 
Oscillating Grate 


(Other Refuse Fuels: Wood Bark, 
Bagasse, Queechee Nuts, Grape Offal, 
Sunflower Seeds, Cotton Seeds, Euca- 


lyptus Wood, Sawdust, etc.) 


ang 


Tha 


Riley Pneumatic 
Spreader Stokers 
for burning fuels 
such as wood, 
Riley Flare Type Burners for 
pulverized coal, oil and gas. 


Riley Oscillating Grate, both spreader 

and hopper fired. 
A survey of your power 
plant by a consulting 
engineer will possibly 
show ways of making 
surprisingly large sav- 
ings in your power 
costs, 


Sales Offices: Worcester, New York, Philadelphia, 

tee cinnati, arlotte, New rleans, tlanta, St. Louis, 

. = 4 Riley — Pulverizers in capacities Kansas City, St. Paul, Houston, Denver (Englewood), 

Riley Ball Tube Mills for low from 5000 to 50,000 lbs./hr. of coal Salt Lake City, Los Angeles, San Francisco, Portland, 
grade, high abrasive coals. per hr. Seattle. 
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Today and Tomorrow... 


A LEADER IN THE DESIGN, MANUFACTURE AND ERECTION OF 
PUBLIC UTILITY AND INDUSTRIAL STEAM GENERATING EQUIPMENT 


RILEY STEAM GENERATING UNITS HAVE PRODUCED AN OUT- as eins 
STANDING RECORD FOR DEPENDABILITY AND EFFICIENCY ee 


Over the years Riley Boilers have produced an outstanding 7, 738 Be 
record of performance for their users. This record has in turn 
supplied Riley a large reserve of satisfied customers who con- 
sistently install Riley boilers as their production facilities 
expand. Today, Riley is considered one of the foremost suppliers 
of steam generating equipment in the world. Riley boiler designs 
cover every steam capacity and pressure required for modern 
industrial power plants and public utility installations. A com- 
plete Riley Steam Generating Unit includes boiler, superheater, 
reheater, economizer, air heater, waterwalls and steel clad or 
pressurized setting. With fuel burning equipment selected from 
Riley’s wide range of fuel burning products users are able to 
purchase complete steam generating units fabricated, erected 
and serviced under a single contract without divided responsi- 
bility. Whatever your steam and fuel burning requirements may 
be, you can rely on Riley to provide a highly efficient unit that 
will assure satisfactory and dependable service for many years. 


This Riley 1,000,000#/hr. TURBO FUR- 
neh BY STOKER CORPORATION NACE Pressurized Reheat Boiler is being 
WORCESTER, MASSACHUSETTS installed by Louisiana Power & Light Co. 

to burn gas initially oil, coal, fluid coke or 


lignite in the future. 2125 psig; 1005/1005F. 


This 500,000 lb./hr. TURBO FUR- A lignite burning Riley Boiler; A Riley Reheat Unit that features 

NACE Unit was designed specifice Spreader Stoker firing. Also gas the exclusive cost saving Riley 

ally to burn FLUID COKE. and oil fired thru Riley Intertube Single Header Hopper Bottom, 
Gas/Oil Burners, 
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American Blower Air Conditioning 


Complete line pinpoints: responsibility! 


MERICAN BLOWER Offers you a complete line pinpoint responsibility for quality, performance, 
A of dependable air-conditioning equipment delivery dates. For more information, call our 
for air washing, humidifying, dehumidifying, nearest branch, or write: American Blower Divi- 
cooling, vapor absorption, and purifying. Buying sion of American-Standard, Detroit 32, Mich. In 
from a single source, you'll save time and money; Canada: Canadian Sirocco products, Windsor, Ont. 


Quiet American blower 

Packaged Air Condition- 

ers, 3- to 20-tons, are easy 

to install with plenum or 

ductwork. Low operating 

cost. Entire refrigerating 
Tonrac ®— single-stage hermetic centrifugal refrigerating machine — maintains chilled-water 3 circuit warranted for full 
temperature, regardless of load. Single-level construction simplifies installation. five years. 


Sprayed coil dehu- Central-station air- 
midifiers combine AN conditioning units 
advantages of Amer- offer flexibility of 
ican Blower air sectional construc- 
washers with the tion, low power 
greater compactness, consumption, quiet 
simplified operation operation. 

of cooling coils. 


AMERICAN BLOWER 


Division of Amertcan-Standard 


QUALITY PROTECTS YOUR INVESTMENT. . . Amsnican-Standard QUALITY 1S AVAILABLE AT NO EXTRA COST 
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1891 Pioneered a-c designs for power 
station and 23 kV transmission system. 


1898 First oil circuit breaker in prac- 
tical service. 


1901 Development by C. E. L. Brown 
of the smooth rotor now universally 
adopted for turbo-generators. 


1902 First multiple-break oil circuit 
breaker. 


1906 First blast furnace turbo-blower 
in the world. 


1906 First turbo-compressor in the 
world for gas turbines. 


YEARS 1910 Fist ges turbine on the Holz- 


1915 First rectifier installation in a 


Oo p Oo N r Ri Ni G supercharger in 


the world (mechanically driven). 


POWER 
1928 First reliable high-speed distance 


ADVANCEMENTS... 


1931 First high-efficiency, high-pres- 
sure, axial-flow compressor which 
paved the way for the gas turbine with 
constant-pressure combustion. 


1932 First steam generator fired under 
pressure (Velox boiler) with super- 
charging set driven by exhaust-gas 
turbine, for oil or gas firing. 


_— BOVERI is proud of the 1933 Composite rotor tor turbogener- 


ators. 


‘ zy 1933 First Brown Boveri airblast cir- 
progress, a few of which are listed at the cuit breaker for 13,000 volts. 


many contril .cions it has made to power 


. 1937 First gas-turbine-driven compres- 
right. sor installation in the world for the 
pressure-charging of a chemical pro- 
cess combined with production of 


flected in equipment design and manu- 1939 1 aeiinwen 


It is this advanced thinking. . . . re- 


: First serviceable gas turbine 
facture ... which has made the name of (4000 kW). 


Brown Boveri synonymous with the finest 1940 Firs gas-turbine locomotive in 


: 1950 First Brown Boveri Mechanical 
Rectifier for 16,000 amps at 150 volts, 
or 8,000 amps at 400 volts. 


11951 Breaker tests with a Brown 


Boveri 220-kV airblast circuit breake 

BROWN BOVERI CORPORATION 
19 RECTOR STREET © WEW YORK 6, N. Y. - _ est power concentration in the world. 

power up to 7,800 MVA 


a : 1952 Outdoor Airblast Breaker in the 
first 380-kV system in the world. 


1955 complete 6,200 kW mobile gas 
| turbine power station, mounted in two 
special railroad cars, put into service 

in Mexico. 


in power equipment. 
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ONE OF THREE Allis-Chalmers steam 
turbine generator units in a large 
brewery. This 5000-kw condensing, 
automatic extraction, impulse unit 
generates electricity as a by-product 
of process steam. 


A MINNESOTA CITY supplies busi- 
ness district and residential heating 
steam, and electric power with this 
recently installed 7500-kw conden- 
sing, automatic extraction steam tur- 
bine generator unit. 


THIS 5000-kw condensing steam 
turbine generator unit was designed 
to meet the special requirements of a 
nuclear power plant. In addition, 
Allis-Chalmers supplied the switch- 
gear, condenser, pumps, motors and 
other auxiliaries. 


LARGE QUANTITIES of steam are required for heating, laundry, and 
other services. These 3000-kw Allis-Chalmers non-condensing, automatic ex- 
traction turbine-generator units supply steam at two pressures as well as 
electric power. 
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TURBINE GENERATOR UNITS 


Modern Power Pla 


Condensing ...non-condensing 


and automatic extraction units are 
available for wide range of services 


TILITIES, breweries, textile mills, medical insti- 
tutions, and a nuclear power plant enjoy the low 
installation and operating costs of Allis-Chalmers 

WA-Series steam turbine generator units. 

These modern, compact units complement the most 
modern plant design. They are built in NEMA ratings 
through 10,000 kw... AIEE-ASME preferred ratings 
to and including 16,500 kw. 


Users of these Allis-Chalmers turbines enjoy an 
important advantage. “Big turbine” features are incor- 
porated in their design. 


For example, the centrifugal-type speed governor 


is the same type used in large Allis-Chalmers steam 
turbines. Steam seals are the same labyrinth type used 
in turbines up to 300,000 kw. Removable external 
| glands, high chrome alloy steel buckets and nozzles 


are other features. The 16,500-kw units with hydro- ie mm 
gen-cooled generators have the same type of hydrogen 
seals as used on the large sizes. 
Unit shipment with rotors individually locked in PROCESS STEAM in a synthetic yarn plant produces 
place cuts installation time and cost. Foundation cost electric power as a by-product with this 5000-kw non- 
is reduced because oil piping and generator air coolers condensing steam turbine generator unit. 


are above the floor line. 


GET MORE FACTS on these economical units. Call your nearby A-C office 
or write Allis-Chalmers, Power Equipment Division, Milwaukee 1, Wisconsin. 


A-5437 


ALLIS-CHALMERS 
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POWER, its production, distribution, 


and application has been our business. 
Within this period our firm developed from 
*a small beginning to today’s well-known 
electrical concern of repute — “AEG”. 
Looking ahead, we shall adhere to our 
aim: Making this power available to 
mankind = power for improving working 
conditions, power for keeping up health, 
power for spending happy hours of 


leisure... 


Today millions ef kilowatts are genérated in AEG steam” 
and hydro-electric powerplants the world over 


means ELECTRICITY 


7917 e 
ALLGEMEINE ELE KTRICITATS-GESELLSCHAFT 


Berlin (West) EXPORT DEPARTMENT Frankfurt (Main) 
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POWER FIELD 


today and tomorrow 


No matter how urgent today’s problems seem, power-service engineers must al- 
ways be looking ahead—planning the improvements that will avoid problems in 
coming years, the expansion that will meet tomorrow’s rising demands. This sec- 
tion of Power’s 75th anniversary issue is designed to help you in this never- 
ending task of preparing for the challenge of the future. 

To bring to bear the best thinking of the field, we enlisted the co-operation of 
the men who make the trends—top engineers of manufacturing firms, consultants, 
large equipment users. By interview and correspondence we assembled their ideas 
on what the future holds. Then our staff specialists collated and evaluated this mass 
of information and opinion, condensed it into concise, composite reports on each 
power-field area. The final result represents our best judgment in assessing often- 
diverse points of view. We believe it a fair consensus, and we take full responsibil- 
ity for it. 

For your convenience, this picture of the shape of things to come is divided into 
nine parts. Immediately following is a 3-page forecast of the “climate” in which 
power-field developments will take place—the sweeping changes in science and 
technology that will influence all our tomorrows. Then comes a series of eight re- 
ports that probe key power-field areas. 

The first of these deals with trends in planning power-service systems: generating 
plants, steam and electrical distribution, compressed-air, water-supply, refrigeration 
and air-conditioning systems. Then come six reports on tomorrow’s equipment, 
for steam generation, mechanical power, electrical distribution, fluid handling, heat 
exchange, instrumentation and control. And the final report discusses new manage- 
ment thinking for tomorrow’s plants. 

Here, then, is the power-field future, as seen by those who will bring it to pass. 
Use it as a guide in your planning for the challenging years ahead. 


September 1957 
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The scientific world around us 


The pages that follow tell succinctly a significant 
story of current trends and likely future develop- 
ments in the power field. To put these events in 
proper perspective let us pause and look around 
at the general technical climate. Being but one 
part of a broad industrial picture, a panoramic 
scan is necessary. It's necessary since any major 
industrial development in fields afar does, in 
some way, affect the lives of power men, 


This influence is felt on several fronts. Product 
changes in other fields often influence the design 
thinking in one or more of the power-service areas. 
Of course, this is a 2-way street. Also, any marked 
industrial change affects the power role in the form 
of more or less load, load of a different character. 


Research holds the trump card for 
continued prosperity. 


American industry plans to invest $150 billion in 
new plant and equipment during the next four 
years. This in the face of manufacturing capacity 
that has nearly doubled since World War II. Ac- 
cording to the textbooks, a high and rising level 
of capital investment is generally followed by a 
decline. The bigger the rise, so the old theory goes, 
the bigger the decline will be. But after a decade 
of high-level investment and an especially strong rise 
in the past two years, industry now has plans to 
keep right on with the near-record outlays for plant 
and equipment. The new factor which is changing 
the economic seesaw is research. 

This year industry plans to spend $7 billion on 
research and development—up 20% from 1956. 
By 1960 it will be spending $9 billion. All this 
means a new kind of prosperity for our economy; 
a prosperity based on creating new products that 
will offer better value to consumers. With a steady 
stream of new products and processes, we can have 
a high level of general prosperity that defies the 
old laws of boom and bust. 

Research has become big business. No major 
company today can afford not to do research, if 
only for the reason that any major break-through 
by a competitor might have disastrous effects. What 
are a few of the current outcroppings from re- 
search? 

We are on the brink of phone-television; 3-di- 
mensional TV with picture on the wall; pocket 
radios with batteries lasting many hundred hours; 
uniform panel lighting in the home. Along more 
mundane lines is present laying of the first telephone 
cable under the Pacific Ocean from California to 
Hawaii. Perhaps the single field undergoing fastest 


change at present time is aircraft and missiles. 

Pressure of military demands has a speed-up 
effect on development of new products which, in 
many cases, is relayed down the line to consumer 
items. The aircraft industry is a case-in-point. 

The three knotty problems aircraft engineers are 
continually trying to unravel center around time, 
power, materials. Recent announcement by the Air 
Force brought the time element into sharp focus: 
AF axed the rocket and ramjet Navaho, the inter- 
continental guided missile project. With one fast 
clean stroke a project that has taken between $500 
million and $700 million, bringing the Navaho with- 
in weeks of full-scale test flight, went down the 
drain. Why? As missile men plot progress, the 
Navaho would probably be obsolete before com- 
pletion. 

In aircraft power we have progressed from the 
piston engine to turbojet and for higher speeds the 
rocket and ramjet. We will most likely stick with 
these propulsion units for many years while upping 
their power outputs fantastically. To point this up: 
A modern piston engine can produce 3500 hp with 
a power-to-weight ratio of one-to-one. Modern jet 
engines deliver the equivalent of 6 hp for every 
pound of weight. One rocket missile now operating 
produces enough power to propel a Navy cruiser, 
Now let’s take a look at tomorrow’s fuels, 


Will the exotic missile fuels find their 
way into stationary engines? 


New fuels are one logical answer to more power. 
As we scan the exotic fuels, emphasis is being 
placed on getting the high-energy benefits of hydro- 
gen (52,000 Btu per lb) without the low-energy 
drag of carbon (14,500 Btu per lb). Indicators 
point toward wedding hydrogen and boron. This 
combination will double the travel range of air- 
planes, while in long-range missiles it will spell the 
difference between success and failure. 

Boron compounds are but one of the many new 
and challenging fuels being weighed for missile 
propulsion. Whether these fuels or their offspring 
will, in time, shift over to stationary prime movers 
is pure conjecture. But one thing is sure; the side 
benefits that invariably accompany an experimental 
project of this nature are bound to make their ef- 
fects felt. New combustion studies, to name but 
one, will leave its permanent mark. 

Aircraft structures are in for close scrutiny. 
Lightweight metals are needed for air frames that 
will withstand the stresses of flight, the heat of 
high-speed passage through the atmosphere, the 
near zero frigidity of outer space. In airborne 
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When the first atomic bomb was dropped on 
3 Japan, the world shuddered at its future im- 
plications. They were, and still are, tragic im- 
plications, But in the interim much constructive 
thinking has been done toward the saner appli- 
cations of atom-released energy. 

: Today we see growing evidence of the part 
nuclear energy will play in power generation. 
There are several specific references in this issue 
on the electrical generation aspects. So stepping 
away from the power field we see. . . 

In medicine the atom is finding use in re- 
search, diagnosis, therapy. With full consid- 
eration of the cancer arresting aspects, the 
ever-widening use of new atomic research and 
diagnostic tools appear as a most significant con- 
tribution. In research, the atom permits tracing 
life processes while in progress; how the body 
grows, fights disease, carries on its functions. 
Diagnostic uses of radioactive isotopes include 
locating malignant tumors, analyzing heart and 
blood disorders. In therapy we see cobalt 60 
replacing expensive and hazardous radium. 

In agriculture radioactive isotopes trace the 


power plants, metals are needed that will withstand 
enormous stresses at temperatures which make 
ordinary metals flow like syrup. 

Some feel titanium and titanium alloys are the 
answer at medium temperatures; high-alloy steels 
for the next higher range, and coated steel alloys 
for the range above. Both titanium and steel alloys 
look promising in the sub-zero range. 

Shifting sights for the moment from things to 
people, note the birth rate in the U.S. is at an 
unprecedented high and still growing. We regard 
this as a good thing economically, as a sort of hedge 
against depression, since it means an ever-increas- 
ing demand for goods and services. By contrast, 
the increase in population in India, which is only 
at the beginning of the intelligent use of technology, 
is a matter of grave concern. 

Technology, developed through the minds of re- 
searchers, has enabled us to produce in such quan- 
tity and with such reduced physical effort that an 
increasing number of people can afford to own and 
use the wealth of this country. This is precisely 
what is meant by a steadily rising national standard 
of living. Now let’s turn back the clock. 

At the turn of the 20th century, steel production 
was a lean 300 lb per capita; the farmer working 
from dawn to dusk produced just enough fiber for 
himself and six others, earning but a few hundred 
dollars for his year’s work. The factory worker 
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The atom goes to work, peacefully 


life process of plants and animals; speeds evolu- 


tion of new strains. Atomic techniques in food “4 


preservation is based on destroying food-spoilage 
organisms without affecting the food. 

Industry is using the atom to inspect metal 
castings, welds. Some are using isotopes to meas- 
ure thickness and density of metal sheet, rubber, 
paper, plastics, Radioactive isotopes help locate 
the dividing line between two different petroleum 


products flowing through overland pipelines. Use 4 


of radioactive tracers in studying engine wear 
has contributed much to improving lubes. 


Radiation is creating new products, new ma- 4 


terials, by altering the basic structure of the 
original. Example: Irradiated polyethylene -is 
proving, in many respects, a better all-around 
product than ordinary polyethylene plastic. 
Today, the nation is benefiting enormously 
from use of isotopes. Industry and agriculture 
alone are saving half-a-billion dollars annually, 
and all this at a cost of something like $3 million 
per year to the government. Some estimate these 
savings will soar to $5 billion by 1960 with an 
annual cost to the government of $20 million. 


with some 1.8 hp to aid him earned an average of 
20c per hr and worked a 10-hr day to support his 
family. Then our living standards began to soar. 


More eutput per man— 
for continuing prosperity. 


Today, steel production is in the order of 120 mil- 
lion tons annually; the farmer with an average 
investment of $3375 in farm equipment, produces 
enough food and fiber for himself and 20 others. 
He earns an average cash income of $2420 yearly. 
The average factory worker with 8% hp behind 
him plus a capital investment of $12,000 earns 
over $2 per hr and works an 8-hr day. Some por- 
tion of this upgrading can be traced to automation. 

There are many definitions of automation; one 
more is not needed. American automation appears 
to be a concerted movement by people who have 
spent some time with mass-production problems. 

Card-programmed control, a member of the 
automation family, is posing numerous _possibili- 
ties in industry. Many different applications have 
been forecast or discussed; some have assumed 
more concrete form. In one of our leading steel 
mills a card-programmed control for a reversing 
roughing mill is scheduled for installation this year. 
Here, to start a rolling schedule, the operator places 
a stack of IBM cards in a card reader, in the 
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order they are to be used. When the schedule 
advance button is pressed, the first card passes 
through the machine in less than a second and all 
information for that particular schedule is stored 
in transistor type memory devices. 

Where several slabs are to be rolled, this informa- 
tion is used repeatedly. Such cards will be on hand 
. for different shell sizes and grades. 


New materials hurdle temperature 
pressure and corrosion barriers 


In the quest for truly new materials the chemist 
and metallurgist have joined hands. In scanning 
the field of plastics, electrical steels, high-tempera- 
ture alloys and ceramic coatings, tremendous ad- 
vances are being made that will significantly affect 
the future power picture. 

In plastics, the polyesters are racking up new 
marks, They can be produced as hard or soft resins 
or rubber-like with varying properties. As an elec- 
trical insulation the polyesters boast top electrical 
properties, weather-, oil-, solvent-resistance. Physi- 
cally akin to the polyesters are the epoxy resins. 
Uses: A finish to resist heat, solvents, alkali, acids; 
also electrical insulation. 

From here the list of plastics alone keeps grow- 
ing—polyurethanes for their extremely high abra- 
sion resistance; silicone resins with their tempera- 
ture stability. 

Within the metal family we meet titanium, the 
glamour girl of the moment. Nickel, with new 
supply sources now open, will be in a better posi- 
tion to meet burgeoning demand. The nuclear areas 
will see. application of elements like beryllium, 
thorium, zirconium, hafnium, cesium, rubidium 
and gallium. Some stop atomic particles, others 
pass them; still others carry heat or insulate 
against it. 

Stainless-steel casting in an experimental gas 
turbine withstands 1500-F heat while jet-engine 
designers aim at 1800 F. 

Spray coatings are now on deck to protect against 
high temperatures and abrasion. They consist of 
hard adherent crystalline refractory oxides. These 
coatings have a double-barreled appeal in that they 
are both thermally and electrically insulating. Be- 
cause of their hardness, the coatings reduce erosion 
of metal parts, are inert to attack by most chemi- 
cals, yet stable at combustion temperatures. Right 
now the spray coatings show promise for rockets, 
jets, guided missiles, baffle plates, copper bus-bar 
insulation, bearing surfaces, mechanical seals. 

As you move on to the pages that follow, pause 
occasionally and hope that the decade to come may 
one day be described as the Years of Decision. 
Years in which we demonstrated our maturity as 
a nation—maturity not in the sense of growth 
alone, but in judgment and sanity. Judgment and 
sanity will lead us away from war and into peace, 
away from depression and inflation into greater 
prosperity with a potential for production which 
is virtually limitless. 


Be4 


Computers beck at 
designer’s call 


The plan for a complete factory guided by 
computer brains involves some yet-to-be 
solved problems. But engineers are fast 
nibbling away on them and making signifi- 
cant progress. Complete design procedures 
and calculations are being programmed 
to fit high-speed digital computers. Elec- 
trical manufacturing is an example. 
Today, the big transformer designs are 
completely handled by computers. And 
computers are used in the design of inner- 
cooled turbine-generators. A computer pro- 
gram for the design of a complete. line of 
large induction motors is coming. 
Jet-engine design is another area where 
computers have been put to work. Part of 
this program involves evaluating one jet- 
engine design against another, This calls 
for a study of performance over a range of 
flight speeds and altitudes ranging to Mach 
3 and 85,000 ft. It involves the matching 
of engine to aircraft over this range. A 
hand calculation of but one performance 
point for a turbojet takes at least 2 hr. 
When you need some 2500 performance 
points, you're talking a lot of manhours. 
Computers, as now being used in power- 
equipment manufacturing, are an inte- 
grated assembly of electronic machines. 
Because of its problem-solving ability, the 
computer is called an electronic brain. Ac- 
tually “brain” is a.misnomer since the 
machine will de only what human intelli- 
gence plans for it. It's really a big idiot. 
A large modern computer makes 8400 


additions, 1250 multiplications and 29,000 


“logical decisions” per second. In some 
cases, business and engineering problems 
that formerly took days or weeks are now 
solved by machine in minutes, even sec- 
onds. Example: Preliminary transformer 
design calculations, previously requiring a 
full week by an experienced engineer, are 
being handled by a computer in 90 see. 

Furthermore, both equipment designers 
and manufactu-ing engineers stand to gain 
from each other in the process. Example: 
A design engineer often doesn’t know the 
final cost of certain components until the 
complete machine has been built and all 
the accounting summarized; so he cannot 
effect savings immediately for later equip- 
ment of same type. 

However. with a computer following the 
manufacturing phase day-by-day, costs can 
be immediately recorded for any compo- 
nent and quickly returned to the design 
engineer. It becomes, in effect, a rapid 
feedback system of cost information. 
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Planning tomorrow’s 


Power 
SERVICE SYSTEMS 


Main steam conditions, unit size, continue to climb: 7000 
psi, 1400 F, 750,000 kw—in a single turbine-generator—may 
be in the cards for the year 1980 


Steam cycles will feature more reheat, up to a dozen feed- 
water heaters, novel feed-pump arrangements 


Industry will almost double its own power-generating facili- 
ties by 1975, but this will represent a smaller percentage of its 
total use of electric energy 


Electrical systems, in need of stringent voltage limits for 
some new loads, will adopt premium sources of supply either 
in-plant or from the local utility 


Air conditioning’s next big market: the industrial plant 
g P 
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LARGER UNITS bottom curve, lower first cost top curve, POWER SOURCES above show that thermal will. still 
are trends resulting from soaring electrical demands generate major share. Nuclear will also be important 


Today—just 75 years after Edison’s Pearl Street 
Station—the generation and use of electric power 
stands as a major factor in our fast-expanding 
economy. It is the chief provider of muscle for 
industry and plays a vital part in giving us the 
highest living standard known to man. 
f In the period before us, we can expect to make 
Larger units, higher pres- q further gains in our search for cheaper, more 
5 abundant electric power. And power generation 
will hinge on bold new concepts. What new tech- 
niques will we use? How fast will we progress? 
Where do we stand today? In this report we view 
our present power-generating position and the road 
we are likely to travel in the years ahead. 


sures and temperatures, new 
concepts, will boost power- 


generating performance 


Power use 
In the past, power use has doubled about every nine 
years. We'll continue to do at least this well. 

Industry will use more kwhr per man. By 1975, 
the average manhour will be backed up by roughly 
20 kwhr. Today the figure is 84% kwhr. Power 
generation will provide the key with which we 
should up industrial production 75% with only 
a 15% boost in available manhours. 

Commercial energy use—street lighting, build- 
ings, stores—is expected to soar to about 300 bil- 
lion kwhr by 1975. Commercial use in 1957 will fall 
just short of the 100 billion kwhr mark. 
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HIGHER STEAM CONDITIONS will play a key role in 
getting better efficiency from future generating units 


Residential power use, which reached 150 billion 
kwhr this year, is expected to tip the 550 billion 
kwhr figure by 1975. 

Also significant is the changing seasonal load 
picture. Summer peak loads are climbing. In some 
areas, hot-weather peaks now top the midwinter 
peak. Air conditioning, the major factor in this 
change, will have an even greater impact in the 
years ahead. 

Curves, facing page, right, show that our two 
major sources of power have been hydro and ther- 
mal. Included in the total thermal generation is 
some internal-combustion power (roughly 2%). 
Clearly, thermal generation will continue fo get 
an increasing share of the total market. 

First large nuclear power plant is scheduled to 
make its debut this year. By 1975, nuclear genera- 
tion is expected to account for somewhat less than 
15% of the total. But remember, this is only the 
U.S. picture. Of necessity, world-wide nuclear use 
should be vastly greater. 


Size, performance 

The average turbine-generator built by one rep- 
resentative company has jumped from about 40,000 
kw in 1947 to 160,000 kw today. Largest unit now 
in service is a 260,000-kw machine at the River 
Rouge Station of the Detroit Edison Co. Largest 
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HEAT RATE will continue to drop off in the future, 
but it will do so at a somewhat less rapid pace 


turbine-generators on order are the 450,000-kw 
units for the American Gas and Electric system. 

By 1980, according to J H Harlow, Chief Me- 
chanical Engineer, Philadelphia Electric Co, we 
can expect single sets of 750,000 kw. Harlow puts 
it this way: “. .. in fact, this is a slow down of 
the present rapid increase in sizes. But unit size 
is as much a function of the system in which it is 
installed as it is the capacity of the manufacturers 
to build.” 

Steam conditions will be moving up too. Pres- 
ent rate of temperature increase is about 12 F per 
year. Harlow contemplates a main steam tempera- 
ture of 1400 F by 1980; but we'll need to make 
basic advances in metallurgy and fuel conditioning 
to achieve this height. Thermodynamically, 7000 
psi would be a compatible pressure. 

Trend to larger units is closely tied to higher 
steam conditions. Reason: Small units can’t effec- 
tively use higher pressures because of efficiency 
losses resulting from small volume flows. 

Today’s top steam conditions are AG & E’s Philo 
No. 6 (4500 psig, 1100/1050/1050 F), in service, 
and Philadelphia Electric’s Eddystone No. 1 (5000 
psig, 1200/1050/1050 F), under construction. But, 
despite these pioneering installations, many experts 
feel that we may temporarily level off at 3500 
psi, 1050 F—at least until we know more, through 
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A fresh look at station fea- 
tures will lead to improved _ 
cycle designs, lower invest- 


ment and operating costs 


operating experience, about the long-time behavior 
of equipment in this supercritical pressure region. 

Trend toward lower heat rates, resulting in part 
from higher steam conditions, will continue, But 
the pace will taper off. Today’s best is about 8500 
Btu per kwhr. Between 7000 and 7500 Btu appears 
to be a realistic figure for 1975. 


Station features 
Regenerative feedwater heating, a mark of the 


modern power plant for many years, will find in- 
creasing use. The largest of today’s plants can jus- 
tify as many as nine heaters. As units get even 
bigger and steam conditions continue their climb, 
12 feedwater heating stages should be 1975’s limit. 

Steam reheating, another technique of better 
cycle efficiency, dates back to 1926. But it didn’t 
find widespread acceptance until after 1940— 
largely because of early operating problems. These 
problems were solved during the postwar period, 
with today’s condensing-regenerative-reheat plant 
the result. 

Currently, almost all plants of 100,000 kw and 
up operate on the reheat cycle. Typical tempera- 
tures for today’s large subcritical-pressure plants 
are 1050 F at the turbine throttle, with single reheat 
to 1050 F. Double reheat—a mark of the super- 
critical pressure plant—has been pegged at 1050/ 
1050 F for both the Philo and Eddystone super- 
pressure installations. 

We probably won’t go beyond double reheat in 
the years ahead. The reason for this: We would 
have superheated steam at the turbine exhaust, 
even at the highest vacuums possible. 
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More efficient use of available manpower will assume 
greater importance in the years ahead. It will be the 
method by which we'll boost production at a far 
greater rate than our growth in population. 

In generating plants, the trend to larger units and to 
centralized controls have been major factors in making 
more efficient use of manpower, see curves, above. 

Solid curve, above right, points up the effect of cen- 


tralized controls on manpower needs of four different 
plants. Dotted curve isolates the effect of unit size, shows 
the impact of centralized control alone. By having major 
controls at one point, two or more large units can be 
operated with only a small manpower increase over the 
one-unit requirement. But notice, too, that the dotted 
curve tapers off. We soon reach a limit to the number of 
units an operator can handle from a single contro] room. 
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The unit-system philosophy (one boiler per tur- 
bine), a development of the postwar period, is now 
being extended by some plants to include the boiler- 
feed pump. They base their thinking on improved 
feed-pump reliability, new high-speed designs that 
can pack greater power into a single unit. In at 
least one case, the feed pump is being driven off 
the main turbine shaft. 

Today’s trend in superpressure plants is to split 
feed-pump work into two sections, either by using 
a re-entry design pump or two separate pumps. 
Highest pressure stage discharges directly into the 
steam generator, avoiding potential problems with 
feedwater heaters operating above supercritical 
boiler pressure. 

The trend toward outdoor plants will continue, 
particularly in milder climes. But there’s less than 
full agreement among designers on whether elim- 
ination of the building structure is economically 
justified. Some designers feel that higher mainte- 
nance could easily wipe out structural savings. A 
middle-of-the-road approach that’s getting increas- 
ing attention from system engineers is the semi- 
outdoor plant. Several variations include outdoor 


boiler with enclosed firing aisle, indoor boiler with 
outdoor turbine-generator. 


Costs 

Virtually all of the trends we’ve talked about aim 
at providing a greater abundance of more reliable 
lower-cost power—despite the rising cost index for 
our overall economy. Where do these costs now 
stand? How do they compare with the past, future? 

The average power plant of 1950 was built for 
$145 to $150 per kw. Today’s plants are going up 
for about $130 per kw. 

Based on 1957 dollars, we can expect a con- 
tinued but gradual dip in station costs. Present 
estimates see the plant of 1975 going up for about 
$110 per kw. 

Because of the broad spread in fuel costs, today’s 
power production costs vary widely. They average 
3 mills per net kwhr. If we adjust fuel cost to 20c 
per million Btu, the spread runs from 2.4 to 3.6, 
depending on plant factor and station size. Com- 
parison of these figures with those of the past indi- 
cates a downward move; a trend that is very likely 
to continue for years to come. 
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In his constant search for more efficient ways of generat- 
ing electric energy, the power engineer has long cast a 
hopeful eye at the gas-turbine cycle. Profiting from the 
experience of early installations, he now knows that gas- 
turbine reliability is high—virtually the same as for steam 
turbines. So why not combine the advantages of both 
units in a single cycle? That is exactly what has been 
proposed as an extension of the Rio Pecos power plant 
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of the West Texas Utilities Company, see drawing above. 
Advantages of the combined gas-steam cycle stem from 
the higher inlet temperatures allowable in gas turbines 
than in steam turbines. Combined-cycie heat rate com- 
pares favorably with higher-pressure and higher-tempera- 
ture straight steam cycles; and overall investment is less. 
Rio Pecos is not the first proposed gas-steam plant; 
but it could set the pattern for future developments. 
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Pumped storage—an econom- 
ical flywheel for tomorrow’s 


electric power systems 


i 


Pumped-storage power generation—an idea that 
dates back to the 1920’s in this country—may soon 
become an important new trend. 

Briefly, the novel generating unit consists of a 
reversible pump-turbine connected to a reversible 
motor-generator. During low-energy demand _pe- 
riods, the machine operates as a pump. Connected 
power system feeds electricity to the unit, permit- 
ting it to pump water to a higher elevation. When 
power demand climbs, the unit reverses rotation 
and becomes a turbine-generator, as stored water 
flows back through the runner to its original eleva- 
tion. In effect, the pump-turbine becomes the power 
system’s flywheel. 

Developers of the pump-turbine point out that 
in addition to installation on existing hydro sys- 
tems, it is well-suited to new sites on rivers not 


Mobile internal-combustion 
power—a new approach to 


short-time peak loads 


In the sense that it too deals with peak power- 
demand problems, the mobile internal-combustion 
power idea shares common ground with pumped 
storage. But here the similarity ceases. Pumped 
storage, as we've already seen, is basically a system 
flywheel. In contrast, mobile i-c power offers a new 
way to (1) skim off power peaks (2) supply fluc- 

’ tuating or rapidly growing load centers (3) pro- 
vide a means of economical capacity growth. 

‘The mobile power unit is a straight diesel or 
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normally considered adequate for hydro develop- 
ments. When used this way, the unit is designed 
to operate specifically with a steam power system, 
smoothing out load variations in that system, see 
graph, above. 

Advantages of single machines that can store 
and generate electric power without availability of 
a topnotch power site, are being carefully weighed 
by today’s system designer. This new concept of 
pumped storage could be one of tomorrow’s most 
significant hydro-power generation trends. 
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dual-fuel engine-driyen generator—generally 1000 
kw—mounted in a railroad car. It can be quickly 
and easily dispatched to any point on a load system 
to pick up load immediately. Thus it reduces losses, 
eliminates major transmission lines. 

In future networks, mobile power might well be 
used instead of buying large blocks of power in 
advance of actual need. Net result—a highly flex- 
ible electric power distribution system geared for 
top use of existing generating facilities. 
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FUTURE INDUSTRIAL POWER USE will climb at a steady pace. More self-genera- 
tion is in the offing, but it will represent smaller percentage of total power produced 


Industrial power and heating 


1975, industry will ab 
most triple the kwhr muscle 
backing up its manpower. 


Most of boost will be bought 


Industry will consume more power—of all forms 
—in future years. Use of electric energy alone is 
expected to top 800 billion kwhr by 1975. 
Traditionally the biggest consumers, manufac- 
turing industries will jump from today’s 250 bil- 
lion kwhr to about 530 billion in 1975. Aluminum 
and magnesium producers, though few in number, 
will more than double their present 35 billion kwhr 
by 1975. Use of electricity by Atomic Energy Com- 
mission installations has been climbing at a spec- 
tacular rate, too. From a meager 23 billion kwhr 


in 1952, they’ve soared to almost 60 billion today 


—almost 17% of all energy used by industry. But 
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we're likely to see little, if any, further increase 
in AEC electricity consumption. 

Although industry will almost double its own 
electric generating facilities by 1975 (90 billion 
kwhr today, as against an estimated 160 billion 
for 1975), self-generation will represent a smaller 
percentage of total industrial electricity use—23% 
today; less than 20% in 1975. 

Relative steam and electricity consumption fig- 
ures for one large chemical plant typify an impor- 
tant power trend in industry: At present consump- 
tion rates, its electrical power load doubles every 
ten years; its steam load takes 15 years to do the 
same. More complete data for major U.S. indus- 
tries looks like this: For pulp and paper, 660 kwhr 
per ton in 1945 has jumped to over 870 kwhr per 
ton today. In the same period, steel moved up from 
335 kwhr per.ton to almost 390 kwhr per ton. Oil 
increased 33% from 3 kwhr per barrel to 4 kwhr. 
Chemicals rose from 1.1 kwhr per dollar of sales 
to 1.8 kwhr (adjusted to today’s dollars). This 
steady climb in per unit use—certain to continue 
in the years ahead—adds new importance to efh- 
cient production, use of industrial electri¢ energy. 

In many respects, steam systems for large indus- 
trial power plants are getting to look more like 
their central-station counterparts. Initial steam 
pressures in industrial power plants have followed 
the same upward movement we’ve noted in utility 
plants. But industrial installations have been, -and 
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HEAT RATES, for different steam conditions using 
auto-extraction cycles, are better than utility plants’ 
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COMPARISON of plants utilizinc low-pressure boilers for 
process steam with plants generating byproduct power 


will continue to be, smaller than utility plants, re- 
sulting in lower economic steam pressures. 

The trend to higher initial steam temperatures 
(they’ve climbed from 550 to 1000 F since 1925) 
also follows the central-station pattern. As graph, 
top left, shows, we can expect further increases. 


Byproduct fuel use 
As we've already seen, industry—confronted by 
lower rates from efficient, reliable electric utilities 
—will find it more difficult to justify generating 
its own electric power. Decision favoring self-gen- 
eration will be linked, to an even greater degree, 
with availability of byproduct fuels or with the 
opportunity to utilize process steam. Squeezed on 
one side by increasing competition from production- 
line facilities for investment capital, and on the 
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other by more attractive proposals from electric 
utilities, future self-generation will need to be 
highly efficient to justify management's confidence. 

In line with this thinking, industry will make 
more improved use of such byproduct fuels as bark, 
black liquor, bagasse, sawdust, blast-furnace and 
coke-oven gas, fluid coke, and a host of others. 
New and more efficient steam-generating systems 
for steel, copper, zinc, cement, oil, paper, sugar 
and chemical plants will give byproduct-fuel firing 
an even more attractive look than it has today. 


Byproduct power cycles 

By far, the largest share of industry’s additional 
70 billion kwhr self-generation by 1975 will come 
from systems that generate either part or all of 
their electricity’ through noncondensing or auto- 
matic-extraction cycles. Capitalizing on process 
steam needs, they'll generate much of this power 
without charging condenser heat losses against it. 
Under these conditions, the industrial power plant 
runs at substantially lower heat rates than the best 
of today’s utility plants. 

Though the straight noncondensing turbine de- 
velops byproduct power at the lowest possible heat 
rate, its future application has limitations. Here’s 
why: Electricity use is increasing more rapidly 
than process steam use. Thus industrial plants can 
achieve an electric power-steam balance with non- 
condensing turbines only by going to higher throt- 
tle pressures and temperatures. But they’re limited 
here, too. Most promising solution is more pur- 
chased power and/or automatic-extraction cycles. 

Almost half of today’s industrial power installa- 
tions are specifying single or double automatic- 
extraction condensing turbines. This trend is certain 
to continue. 

These turbines are automatically governed to 
produce byproduct kilowatts by extracting all 


steam required for process, except for some steam 
flow required to keep the exhaust end cool. Losses 
from cooling steam, additional control valves and 
power for the circulating-water supply, boosts heat 
chargeable to power above the 4600-Btu-per-kwhr 
level attainable with straight noncondensing or au- 
matic-extraction condensing turbine will also find 

Combining higher steam conditions with the auto- 
matic-extraction condensing turbine will also find 
wider use in tomorrow’s industrial installations. 
The reason: For any cycle utilizing steam turbines 
to generate power and supply steam for process, 
fuel chargeable to power depends on the ratio of 
process steam to electric power. Curves, facing 
page, top right, show the performance of generat- 
ing stations designed to produce electricity utilizing 
steam conditions most common in today’s industrial 
power plants: 600 psig, 750 F; 850 psig, 825 F; 
1250 psig. 950 F. When process-steam requirements 
are 10 lb per kwhr, for example, fuel chargeable to 
power generation drops from about 9100 Btu per 
kwhr with 850 psig throttle steam, to 7300 Btu 
per kwhr with 1450 psig steam—a decrease of 
about 20%. 

Multiple process-steam pressure levels—the re- 
sult of more complex industrial processes—will be 
required by more plants. They'll take advantage of 
byproduct kilowatts available from expansion of 
steam to several process levels by using multiple- 
extraction turbines, drawing. facing page, lower 
left. These flexible units will be in greater demand 
for supplying widely fluctuating power and steam 
loads in several process systems. 


Steam-system features 

Higher-cost fuel will lead to more feedwater heat- 

ing in industrial power plants than might have been 

considered economic only a few years ago. 
Where plants are being extended, designers will 


Outlook for the small industrial steam plant 


Although we can hardly call small industrial 
steam plants one of industry’s glamour areas, 
they have been the scene of important progress. 

Continuing impact of automation on these 
steam producers—in laundries, hospitals, com- 
mercial buildings and small marufacturing plants 
—has set high standards in production of low- 
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cost steam. Taking full advantage of the latest 
automatic combustion controls and new stand- 
ardized- and packaged-boiler designs, today’s 
small steam plants can stand engineering com- 
parison with the best of their giant counterparts 
in oil refineries, steel mills, ete. We can be cer- 
tain they will continue to keep pace in the future. 
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New industrial-utility agree- 
ments benefit both groups, _ 
point up opportunities for 


close co-operation 


T-c engine and gas-turbine 


systems for industry 


Because of performance characteristics that 
ideally suit them to special tasks, both the 
internal-combustion engine and the gas tur- 
bine are finding important industrial jobs. 

The i-c engine system—operating at ther- 
mal efficiencies that compare favorably with 
our best steam plants—is a first rate prime 
mover. It’s used for large de electric power 
loads such as the electrolytic reduction of 
aluminum. 

Major improvements in gas_ engines, 
coupled with increasing availability of nat- 
ural gas, mark a bright future for these units. 
Their use in pipeline pumping stations has 
mushroomed rapidly. 

Gas turbines—also a mainstay of natural- 
gas transmission systems—may soon carve an 
important spot for themselves in the steel in- 
dustry. Running on blast-furnace gas, these 
systems can power blast-furnace blowers as 
well as generate needed electricity. Much of 
the development work to date has taken place 
in Europe. 

Newest industrial application, the am- 
monia-oxidation process for nitric acid, passes 
900-F nitrogen through the gas-turbine sys- 
tem. Several of these units are now operating 
in the U.S.—others will follow. 


attach more importance to the advantages of ex- 
tracting steam from the new unit for additional 
feedwater heating in the existing plant. Economic 
justification for it is basically the same as for 
electric utility steam systems: As steam flows get 
larger we need to recover fewer Btu’s per pound to 
pay for feedwater heater installations. 

The present resurgence of mechanical-drive tur- 
bines in industry will take on greater proportions. 
These units, delivering mechanical power directly 
from steam, offer an economical way to improve 
the overall plant heat balance. Most common ar- 
rangement expands available high-pressure process 
steam, exhausts it to a lower-pressure level. Pumps, 
blowers, compressors, fans—both in the process 
and in the power plant—are likely candidates for 
these economical steam drives. 

As raw- and treated-water costs continue their 
upward climb, the economics of returning process 
condensate will become easier to justify. Many 
plants that have been sending hot condensate to 
waste for years are now re-evaluating the picture 
and are finding it economical to install return sys- 
tems—even where the process spreads over a large 
area. Where condensate picks up contaminants, 
more industrial power engineers will install me- 
chanical filtration and chemical-treating equipment 
to recover condensate. 


Costs 

Because the industrial power plant can’t take ad- 
vantage of the tremendous unit sizes presently being 
installed by large utility plants, their construction 
costs are somewhat higher. Installations of 15,000 
kw are in the $200-per-kw range, while units below 
2500 kw may exceed $300 per kw. Design differ- 
ences, to match specific process needs, can cause 
substantial variation from these figures. 

More industrial power plants are now pinpointing 
their costs by metering all using departments. Pro- 
duction areas, generally cost conscious, are less 
likely to waste their energy services. The power 
engineer prepares a monthly heat balance and cost 
distribution, sends them to the accounting depart- 
ment. Also spurring today’s trend toward power- 
service cost control is the more watchful eye cast 
by smart management on the cost of energy. 


Industry-utility co-operation 
Clear-cut trend of the postwar era is the construc- 
tive approach taken by joint industry-utility groups 
to their mutual problems. Power companies, recog- 
nizing the special needs of their industrial custom- 
ers, put more emphasis on service continuity and 
voltage regulation. 

Tie-in agreements, even where industry generates 
electric power, are proving beneficial to both groups. 
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APPLICATIONS OF HIGH-TEMPERATURE WATER in industry range from process and space heating to air conditioning 


High-temperature water sys- 
tems are catching on fast — 


for both industrial process 


and space heating 


Full spectrum of today’s agreements range from 
the utility supplying (1) all power (2) a substantial 
part of it (3) standby power (4) peaking power. 
Reciprocal agreements permit industrial generation 
to feed the utility system during specified periods. 

Two unusual agreements recently negotiated in 
the petroleum industry may set a significant future 
pattern. Contract between the Bayway, N.J. re- 
finery of Esso Standard Oil Co and the Linden 
Generating Station of Public Service Electric and 
Gas Co of N.J., calls for Public Service to deliver 
to Esso the refinery’s entire steam requirement in 
exchange for fuel and raw water. Linden’s electric 
power output goes both to the refinery and the 
Public Service system. As a result, the utility gen- 
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Air conditioning 
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erates highly economical noncondensing power in 
quantities much greater than refinery needs. The 
initial turbine-generator, a double-extraction 225,- 
000-kw machine, will soon be supplemented by a 
second unit that will meet increasing steam demands 
of the refinery. 

Novel agreement between the Flying-A refinery 
of Tidewater Oil Co and the Delaware Power & 
Light Co’s Delaware City station, has the refinery 
supplying fluid coke, treated water and cooling 
water to DP&L in return for electric power and 
process steam. (Delaware City is the first large 
station in U.S. to burn fluid coke as a base fuel.) 


High-temperature water 

Recent surge of interest in high-temperature water 
for both process and space heating gives it the look 
of a major trend. In its present form (300 to 400 F 
at 90 to 232 psig), h-t water dates back to German 
development work during the early 1920’s. U.S. 
saw it for the first time in 1934; but it wasn’t until 
1950 when the U.S. Air Force standardized on h-t 
water for all large air bases that h-t water really 
took hold. Latest and biggest of h-t water instal- 
lations is at New York’s Idlewild Airport. 

Industry, too, is taking a hard look at h-t water. 
Several new industrial installations have been an- 
nounced in past months and more are certain to 
follow in the years ahead. 

Offering the advantages of a high-thermal-capac- 
ity fluid along with simple distribution systems, 
drawing, above, and low operating costs, the future 
of h-t water appears well-established. The question 
now boils down to how much and how soon? 
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Electrical systems. 


High-cycle and de distribu- 
tion will become factor in 


some plants. Roof location of 


secondary subs gaining 


Designing a modern industrial electrical power 
scheme is basically a job of dovetailing well- 
engineered electrical components into a co-ordinated 
package offering top reliability, safety, and econ- 
omy, with ample provision for growth. Although 
individual components are becoming more complex, 
simplicity is the keynote in overall circuitry. 

This basic rule of distribution design will always 
hold: plan the system as a whole. This means start- 
ing with a one-line diagram showing all present 
and anticipated loads. Then go a step further and 
plan how you would handle the problem if load 
doubled or tripled. It’s simple to do this kind of 
thinking at the planning stage, but mighty costly 
later with load growth forcing your hand. We call 
this kind of look-ahead planning, designing for 
Power to Grow .. . electrically, see box, facing page. 


Primary substations 
Three features continue to stand out in planning 
today’s primary substations: location, reliability, 
protection. These factors will become increasingly 
important in tomorrow’s era of continuous process. 
Location, if ideal, is right at the heart of plant’s 
electrical load center. But practical requirements 
usually place it at edge of plant property. Modern 


Stondard generator 
voltage ratings 


(direct-connected steam 
turbine drives) 


Generator voltage rating, kv 
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equipment enclosures are fast ruling out the out- 
door building for a primary sub. But added cost 
of outdoor gear must be balanced against building 
cost, and the former generally wins out. Even 
though utility switchgear and transformers over 
15 kv go outdoors, plant primary switchgear may 
be spotted inside. 

Is an outdoor sub always the answer? Not nec- 
essarily. Where corrosive fumes or residues are 
present, power men look more closely at fully 
enclosed designs or an indoor sub. Added thought: 
At least locate sub on windward side of source. 

Who should own the primary sub in an industrial 
plant? There’s no pat answer. Where a choice is 
offered, the many pros and cons can be settled only 
after an economic study. Rates are generally more 
favorable where user owns the substation; but 
initial cost and maintenance may offset this dollar 
advantage. 

More and more plants are looking to the utility 
company to supply them with a utilization voltage, 
generally 13.2 kv. Other industrials angle for own- 
ership because they want some control for operating 
reliability. This division of thinking will be with 
us for the foreseeable future. One factor to consider 
if you choose ownership: You'll need manpower 
versed in high-voltage operation and well-trained 
to handle a tricky situation in an emergency—and 
geared to handle it quickly. 

Today’s packaged unit substations have proven 
a better bet than stations assembled on the spot. 
Equipment cost may run higher; but with proper 
planning, installed cost shows sizable saving. And 
you wind up with a smart co-ordinated package. 
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GENERATOR VOLTAGE within standard ratings hinges on load 
size, distance, utility system voltage and largest load unit 
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Radial scheme will continue to meet most distribution needs 


Planning for tomorrow’s growth starts with some 
broad decisions about electrical supply, distribu- 
tion, utilization. How well this early planning is 
handled determines whether the electrical system 
will be adequate for present needs, and even more 
important, whether it can be expanded economically. 

Unfortunately, there is no standard electrical dis- 
tribution system that can be adapted to all indus- 
trial installations since no two plants have identical 
requirements. Hence, there will be growing em- 
phasis on need for an overall look at present loads, 
probable load growth, load characteristics. System 
planning can be defined as the pinning down of 
specifics to meet load needs successfully—today 
and tomorrow. And in any reasonable approach to 
system planning, consider safety, reliability, first 
cost, simplicity, voltage regulation and maintenance. 


Specific pieces of electrical gear will be coming 
along in primary subs, and throughout the system, 
that make liberal use of magnetic amplifiers, tran- 
sistors. They will serve to increase reliability while 
taking the sharp edge off maintenance. 


Voltage 

Looking at the electrical layout from the systems 
viewpoint, voltage selection is of. top-ranking im- 
portance. Its value continues to climb on the pri- 
mary distribution side, with 13.2 kv pairing off 
alongside a 480-v secondary. But the complete 
voltage picture is not quite that simple. 

The advent of voltage-sensitive equipment has 
resulted in placing more value on voltage regula- 
tion. Designers must put more thought on plant 
circuitry to assure divorce of voltage-critical loads 
from regular power feeds. So, voltage regulators 
will play an increasingly important role. 

Some engineers advocate bringing supercritical 
voltage supplies into the plant as voltage sensitive 
needs increase. They might well take the form of 
a synchronous motor driving an ac generator, much 
like the m-g sets now used to develop de plant 
power. Such generators would be loaded only with 
voltage-sensitive equipment. 

Another tack the utilities might follow: supplying 
premium power at a slightly higher rate. The term 
premium would apply to voltage regulation as well 
as cycle continuity. 

This voltage question is tops in the thinking of 
many power men, especially in areas where load 
growth plays hob with utility generating facilities. 
This is the case in many parts of the country even 
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Future loads are hard to figure. Best you can do 
during system planning is pin down value of pres- 
ent loads and make provision for probable future 
growth. The big mistake still being made in indus- 
try is ignoring the possibility of load growth during 
the planning stage. Fortunately, a well-designed 
distribution system lends itself to load growth, 

If we had been writing this some years back, 
we would have covered load-center distribution in 
detail; but that system is well recognized. Tomor- 
row, matters of voltage selection, short-circuit pro- 
tection, system relaying will receive more emphasis. 

Tomorrow’s industrial distribution systems will 
boast many new components. But the basic system 
will be only slightly different from what we have 
today: high voltage carried close to load centers, 
with individual loads reaching for new highs. 


PTG index: Designer’s tool 


To pinpoint the need for power to grow, 
Power has been running a series of arti- 
cles, over the last year, covering various 
aspects of the industrial electrical system. 
To aid in measuring a plant’s ability to 
expand electrically, the term PTG index 
was coined, By labeling installed electrical 
capacity as unity, the PTG index gives 
some measure of a system’s expansibility. 

We define the power-to-grow area as 
the planned-for capacity that can be eco- 
nomically proyided and later integrated 
into the existing svstem as need arises. 
Then planned power-to-grow capacity di- 
vided by installed capacity is what we 
call the PTG index, It should serve as a 
practical guide for system planners. 

The PTG index may be two, three or 
more. The precise value is something you 
must decide, based on the specific indus- 
try, growth potential and other variables. 
Keep in mind since PTG concerns itself 
with growth, the major ingredient is plan- 
ning. There probably will be some added 
investment initially, possibly to provide 
greater IC in key-switchgear, more physical 
space for expansion, extra ducts, conduits. 
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Radial 


Here, for lowest first cost and least 
cable, we get what proves to be ade- 
quate reliability for most industries. 
Low first cost derives from lack of du- 
plication of equipment; one primary 
feeder and one transformer for any 
given bus in secondary substation. 

In the simple radial arrangement, if 
substation capacity is sufficient to pro- 
vide about 15 volt-amp per sq ft of 
plant floor area, experience shows it 
will handle most diversity. 

Simple radial systems will continue 
as the most popular in future plants. 


Selective 


Selective-radial systems have another 
available source for emergencies, either 
on primary or secondary side of unit 
substation. Primary selective system 
uses two feeders to each substation, 
either able to supply load. Switching 
is provided to select feeder. 
Secondary selective scheme has many 
forms, but basically it’s a simple radial 
with normally open tie breaker between 
substation pairs. This simple hookup 
makes emergency power available at 
the secondary buses with minimum 
additional equipment being required. 


Network 


In network systems: (1) transformer 
secondaries connect in a ring bus or 
loop from which short radial circuits 
feed loads (2) primary feeds have 
enough capacity so entire system can 
be carried when any one feed is out. 
Transformer secondary leads have 
network protectors. Relays close them 
only when voltage conditions are such 
that associated transformer will supply 
loads to secondary loop, and automati- 
cally open them when power flows from 
secondary loop to transformer. Network 
protectors guard against faults. 


with utilities straining to increase generating ca- 
pacity and interconnections. Both overhead and 
underground plant distribution will be with us in 
. Finely regulated, continuous- the foreseeable future. Where process lines run 
4 overhead, they afford a sound reason for running 


primary in-plant distribution overhead. On the 
eycle er tas supplies sgl other hand, cable makers are hard at work develop- 
ing cable for easy burial. 

De is growing and will continue so. Increased 
activity will justify full-blown de power distribution 
systems rather than local m-g sets or rectifiers at 
load spots. A common system offers higher relia- 
bility. Radial or network decisions will have to be 
weighed much as with ac systems today. 

High frequency, on the upswing, poses distribu- 
tion problems. Big one: high impedance drop. 


the cards, fed from in-plant 


or as utility premium product i 


Secondary substations 

Unit subs will play a bigger role in tomorrow’s 
plants. There'll be more of them. Present economical 
size falls between 500 and 1500 kva; but equipment 
improvements could shift optimum size, probably 
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Centralized motor control 


In tune with universal trend in electrical equipment to pack- 
age where possible, motor control centers have evolved as 
modern answer to problem of housing motor starters and as- 
sociated equipment. This central system contrasts with locat- 
ing individual control units at each machine, or grouping 
motor-control equipment in a central spot by hand assembly 
of individual components. In adopting any system of central- 
ized control, keep an eye on available short-circuit amps. 
Anything from across-the-line starters to automatic trans- 
former-type starters can be built into control centers. 


upward. With more subs in the offing, growing 
problem is one of economical location. 

Look to the building roof first. This spot proves 
most popular where primary distribution is over- 
head and bus duct is used. Then short secondary 
runs drop direct to busway. Roof location often 
sidesteps high ambient temperatures, dirt, fumes: 
fits well where load areas may shift often. Remote 
tripping and closing of breakers is needed. 

Balcony areas look good for many plant designs 
now on the boards, Steel structure with expanded 
metal or sheet-metal floor is placed high enough 
so space below is usable, often as washrooms. 
Balconies keep subs out of normal traffic flow and, 
in food plants, out of range of splashing from 
equipment hosing. Consider suspending subs in 
roof trusses, just above lowest structural members. 

Floor-level location is losing appeal as cost per 
sq ft of production space climbs. Where floor-level 
subs look good, consider placing them immediately 
outdoors. Where buildings are long and narrow, 
substations can be located between the buildings. 
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Coming: Capacitors built into 
motor housings to improve pf 


There’s little disagreement on benefits of high 
pf operation today, especially where the utility 
hands out a dollar penalty when pf drops below 
a set figure. Questions that often arise: How 
big should capacitors be? Where to put them? 

Three locations widely used today are: (1) 
at secondary subs (2) on secondary busway (3) 
right at motor load. Trick is to place them 
where they'll do most good per dollar invested. 

Locating right at load point generally means 
greatest investment but usually does best job 
from the angle of easing ampere load on feeders. 
When capacitors are placed between motor and 
its switch, need for separate capacitor switching 
is eliminated. Controllers are available today 
equipped with capacitors. 

If main aim is to cut utility charges by im- 
proving pf, a central location near incoming 
lines is the best bet. This generally costs less, 
but you lose some plus values—increased plant 
feeder capacity, reduced power Josses. 

Where induction motors are small, or where 
large motors operate intermittently, secondary 
unit substations have become a common capaci- 
tor location. Future will see capacitors built 
right into motors, automatically adjusting for 
optimum pf. 

Practical way to decide capacitor size is by 
calculating rate of return and actual dollar sav- 
ings for various final pf’s. Limit is reached when 
incremental savings, for each capacitor kvar 
added, fails to be economically attractive. Con- 
sidering, of course, system capacity released. 


Substation neutral grounding will continue as a 
point of discussion. Where service continuity is 
paramount, some power men continue to rely on 
the plus features of the ungrounded scheme. But 
an increasing number are shifting over to the 
grounded-neutral camp. And more are installing 
their power transformers with neutrals brought out 
in wye fashion for possible later grounding. 


Equipment grounding 

Tests prove that grounding equipment to structural 
steel and water pipes may be giving a false sense 
of security. Reason: There is a strong tendency 
for return fault current to take a path close to 
outgoing power cables. Inductive reactance directs 
return current to a flow path closely paralleling 
power conductor. Major portion of fault current 
elects to flow over the conduit or other metal en- 
closure since it constitutes the closely spaced return 
path. By using a grounding conductor within live 
conductor enclosure, fault current in conduit proper 
is reduced to a valve it can probably carry safely. 
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Air conditioning 


Despite its 50-fold jump in 


two decades, air condition- 
ing is still on the lower 


reaches of its growth curve 


Today’s market for air-conditioning equipment 
stands at fifty times its level of two decades ago. 
Even more striking, industry sales have increased 
5-fold since 1950—now close to the $2°4 billion 
mark, Yet its major markets are far from saturated. 

W A Grant, Carrier Corp’s vice-president in 
charge of research and development, points out 
that while 90% of all theaters, 35% of motels, 27% 
of first-rate office buildings and 15% of hotel guest 
rooms are air conditioned, lush markets of the fu- 
ture are practically untapped. The _ residential, 
transportation and—of key importance—industrial 
fields offer tremendous potential for future growth. 
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Gnp, billions of dollors 
Sales, billions of dollars 


AIR-CONDITIONING GROWTH has far exceeded our 
rate of population increase. Sales are now 2.6 billion 


Spurred by this soaring market, air-conditioning 
experts have advanced to new frontiers in their 
never-ending search for basic knowledge. In this 
area much of the credit goes to the professional 
societies—ASHAE and ASRE—for their far-sighted 


fostering of major research. 


Fundamental advances 

The tie-in of air conditioning with human health 
has received much attention. Also being carefully 
explored: Best air conditions for both the sick and 
healthy, the effect of thermal shock on the body, 
and the effect of air conditioning on human produc- 
tivity. Closely related to the health picture, basic 
work on odors and how they can best be controlled 
in air-conditioned spaces, is now being carried 
forward. 

We're finding out more about heat transfer and 
the thermodynamic aspects of air conditioning, too. 
More accurate values of film coefficients, specific 
heats and viscosities have been set. Heat-trans- 
mitting properties of glass, plastics and their in- 
fluence on solar heat gains, have been getting a long 
hard look by today’s researchers. Result: materials 
with better heat-absorbing and shading qualities. 
Future study will turn up even more spectacular im- 
provements. 

A highly useful tool for solving many complex 
problems, especially in heat flow, has been the 
electronic computer. Semiconductors, also a de- 
velopment of the electronics field, may soon use 
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Industry -the next big market for air conditioning 


Although industria] process control applications 
gave air conditioning its first big push, industry 
is only now beginning to recognize the value of 
comfort air conditioning. And the upward 
swing—fast shaping into one of major propor- 
tions—is the result of a hard look by practical 
management. They see a sound financial return 
stemming from less absenteeism, better produc- 
tion efficiency and a higher quality product. 
Other factors are speeding the move to indus- 
trial air conditioning too. Advent of the win- 
dowless factory and today’s single-story plants 
with many acres under one roof are naturals for 
some form of mechanical conditioning. Higher 
heat loads resulting from improved lighting 


electricity directly to produce cooling through the 
Peltier effect. Plainly, tomorrow’s air conditioning 
will reflect many of these fundamental advances, 


Air-conditioning systems 
Today’s system designs fall into two broad groups: 
the self-contained conditioner and the central sys- 
tem. Ease of installation and low first cost will 
continue to give self-contained designs—window, 
console and larger packaged chillers—a substantial 
share of the market. They fill an important need 
for restaurants, apartments, supermarkets, etc, 
Major aim in packaged chillers is to build larger 
equipment with hermetically sealed motor and com- 
pressor units designed to reduce noise, eliminate 
maintenance. Most larger sizes require water— 
either from a cooling tower or an evaporative con- 
denser——but some makers are currently producing 
air-cooled self-contained conditioners to hp. 
The central air-conditioning system—object of 
several new developments—is only now reaching 
its stride. Today’s dominant designs for large build. 
ings are the fan-coil, high- ileates induction and 
high-velocity dual-duct units. Important design fac- 
tor is use of separate perimeter and interior sys- 
tems. Often, high-velocity perimeter systems team 
up with low-velocity duct systems for interior areas. 
We'll undoubtedly see more high-velocity systems 
getting the nod, for a variety of reasons. First, 
they’re in keeping with today’s trends in architec- 
ture. Architects are allowing less space for dis- 
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standards, more motors and electrical controls 
will best be handled by air conditioning. 

If underground plants come into general use, 
they’ll need to be mechanically cooled; if civil 
defense is the objective, these plants will need 
protection against gases and radioactive fallout. 

Spot cooling of high-heat areas—resulting 
from furnaces, machines, etc—will prove to be 
an economical approach in many cases. 

Before the next two decades have elapsed, 
most old and new plants will be air conditioned. 
While this trend is most clearcut in the South 
(one survey estimates that 50% of all factories 
in this area will be air conditioned by 1960), 
Northern plants aren’t likely to lag far behind. 


tribution of all power servies. High-velocity systems, 
with their small ducts, require less space, keep 
moving parts out of the conditioned area. 

Although industrial systems were responsible for 
early development of the air-conditioning indus 
try—largely as a technique of process control in 
the textile, candy, munitions, tobacco industries— 
only a small fraction of today’s industrial plants 
provide comfort air conditioning as their prime 
purpose. But, as several recent surveys indicate, the 
industrial market will be the next major area to 
join the swing to air conditioning. 

Industrial air-conditioning systems going into 
new and existing plants will be quite different 
from their commercial-building counterparts. 
Large, open areas require little in the way of zone 
control. And most new systems will be conventional 
low-velocity duct or chilled-water design. Unitized 
systems employing small building blocks of capacity 
will give the industrial user operating flexibility. 
Many plants, however, will find large centralized 
chillers their best bet. 

We can also expect major advances in air-clean- 
ing techniques. Smaller and cheaper odor control 
devices will permit reduction in outside air to the 
small amount needed by the human body for oxy- 
gen replenishment and carbon dioxide removal. 
Other intriguing possibilities include therapeutic 
uses of air conditioning. Control of oxygen and 
ions in the air, as a means of improving man’s 
health, represent two major frontiers for research, 
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CENTRAL SYSTEM is popular in large plants, may have 
more than one compressor, often uses looped piping 


Compressed air 


Air use continues to soar in 
almost every industry; lower 


distribution costs are sought 


System layout receives more attention today than 
ever before. And, as the need for compressed air 
continues to increase, more study will be given 
piping layout and compressor choice. Both factors 
affect the cost of a cubic foot of air. 


Central system 

Long popular, this arrangement has its compressor 
in a central location. Supply piping, often in the 
form of a loop, is run to plant areas needing com- 
pressed air. 

While big reciprocating compressors, long used 
in central systems, are efficient, trouble-free and 
long-lived, they need large prime movers. So when 
only a few cfm are needed in the plant, as at night, 


UNIT SYSTEM is becoming more popular for smaller 
plants. It may use a number of compressors, as here 


a big driver must be run. This is expensive, may 
be inefficient, and can lead to extra maintenance. 

Big compressors require solid and extensive 
foundations, large piping and receivers, and more 
spare parts. While these needs are not disadvantages 
in medium-sized and large plants, they can be a 
problem in small plants and in plants having widely 
changing air loads. 

For these and other reasons the unit system is 
finding greater use in small plants. And it is likely 
that this trend will continue. 


Unit system 
Instead of one or more large centrally located com- 
pressor, the unit system uses a compressor in each 
area needing air. Compressors are smaller and are 
run as needed. 

Factors favoring the unit system in small plants, 
and in those with large variations in air demand, 
are low investment per unit of capacity, less pres- 
sure loss in piping, simpler installation, greater 
flexibility and easier capacity expansion. 


Piping, controls 
Greater attention will be paid to losses. Operators 
now recognize that leaks are cosily. 

Flexible hose with quickly attachable clamps is 
finding more use with portable tools. It doesn’t 
leak and allows better tool use. 

More and better controls are used with air 
systems. Outlook: The automatic compressor plant 
is nearer to reality; fully instrumented installations 
will need less attention and fewer overhauls, 
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Here’s a summary of five big 
trends in system design 


Absorption systems 

These dovetail nicely into industrial- 
plant heat balances, are simple to op- 
erate, can be combined with high-tem- 
perature hot-water heating and stand- 
ard compression cycles. So modern 
absorption systems hold much promise, 
particularly on industrial air-condition- 
ing applications. 


Reciprocating systems 

Systems using medium-speed recipro- 
cating compressors, 1200 to 1800 rpm, 
will hold their own for heavy-duty in- 
dustrial jobs. Work is now in progress 
to perfect units running at 3600 rpm, 
the maximum speed attainable by 60- 
cycle 2-pole motors. For air condition- 
ing and spot cooling, hermetically seal- 
ed reciprocating compressors will lead. 


Centrifugal systems 

Either alone or combined with absorp- 
tion units, centrifugal systems will ex- 
ceed all others in total tonnage. Loads 
will include almost all forms of in- 
dustrial cooling. Centrifugal compres- 
sor speeds are rising too. Today’s 
best—8000 rpm—will soon be topped. 


Automatic controls 

Rising operating and maintenance costs 
make fully automatic operation of 
systems, of all sizes, a must. New con- 
trols make this possible today. Yet 
control engineers promise even more 
for the future. Water shortages will 
make water saving, by automatic con- 
trol, essential on most jobs. 


Ultralow-temperature jobs 

Temperatures of minus 200 and lower 
will be used in refrigeration to a great- 
er extent than at present. Jobs for 
these temperatures vary over a wide 
range and include industries such as 
metal processing, rubber, plastic, foods. 


Compressor speeds continue 
climbing; hermetically sealed 


units will top 1000 tons 


Refrigeration, both for comfort air conditioning 
and process, will become a more important power 
service. New processes utilizing low temperature, 
and bigger air-conditioning loads in industry will 
help to spur the trend. 


Design trends 

Type of system and components depend on the 
use. In industrial air conditioning, which will 
soon account for thousands of tons of capacity, 
centrifugal and absorption systems will be favored. 

At roughly 1000 tons and above, the combined 
absorption-compression system will make a highly 
attractive team—both from the performance and 
economic viewpoints. In an ideal system of this 
type, each unit would carry half the load. 

Hermetically sealed compressors, now built for 
capacities to about 1000 tons, will soon be avail- 
able in larger capacities. 

To increase compressor capacity without needless- 
ly large physical size, engineers will go to higher 
shaft speeds. Steam turbine drives excel here be- 
cause they’re well-suited to high operating speeds. 


Future loads 

Industrial refrigeration loads for air conditioning 
and process will quadruple in the next five years. 
In the not-too-distant future we can expect nearly all 
meats and poultry to be quick-frozen before ship- 
ment to market. Frozen foods will be shipped 
around the world in large quantities. Improved re- 
frigerant coils will assure higher humidities and 
better storage conditions in all types of food preser- 
vation. Bigger loads are certain to result. 


Other factors 
Machine noise—of increasing importance through- 
out industry—will be reduced. 

New refrigerants will appear. Today, refrigerant- 
11 is popular up to about 1500 tons in centrifugal 
units. Above this, refrigerant-12 generally gets the 
nod, Other fluorinated refrigerants—113 and 114 
for centrifugals and 22 for reciprocating—will con- 
tinue to be important. 

Compressor speeds will continue to climb. To- 
day’s 1800 rpm for high-speed reciprocating com- 
pressors gives more compact units. And 8000-rpm 
centrifugal units give more capacity for the same 
size casing. Future units will exceed these limits. 
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Total 1975, 
300 


Total 1957 
surface 
sources, 

150 


Total 
1957 
underground 
sources, 
“60 


Total 1957, 


200 


1957 industrial: 


recirculated, 


brackish, 
16 


1957 irrigation, 
domestic, 


120 


1957 industrial 


4 
Surface 
supplies, 
53 
Public 


supplies, 
16 


Water supply 


Industrial water use zooms to 
new highs, straining our sup- 


ply, pump and pipe systems 


Water, like gold, is where you find it, And today 
industry and municipal officials are going deeper 
and further for water than ever before in history. 
This is true of both potable and other water. 


Industrial use 

U. S. population is expected to rise 34% in the 
next 20 years—water use will shoot up 50%, bring- 
ing our demands to 300 billion gallons every 24 
hours. Some authorities predict that in the next 20 
years pump manufacturers will have to build as 
much capacity as we have in service today. And 
this is plenty because water-supply pumps trans- 
port more daily tonnage today than all of our other 
transportation systems combined, 


So look for more and bigger pumps, greater use 
of automatic controls, deeper wells, longer pipelines 
and more extensive treating facilities. 


Water treatment 
Two big hopes of industry for future treatment 
are desalting of sea water and upgrading of sewage 
effluent. Latter is now successfully used in a few 
areas. Availability of waste heat from reactors may 
be the answer to the high cost of desalting—today 
ten times that of softened water. 

Meanwhile, lime soda, zeolite, demineralizer and 
evaporation will serve the bulk of the treatment re- 
quired. With refinements, treating cost will fall. 


Water reuse 

Getting more from available water is and will be 
the watchword of industry. Multiple use may mean 
no more than intelligent piping layout. Cooling 
water is particularly easy to use this way. Pipe it 
first to a low-temperature cooling job, then to pro- 
gresssively higher temperature processes. 

And don’t forget, water heated step-by-step may 
then be used in some processes needing warm 
water, with or without additional heating. Many 
plants combine water saving with heat conservation. 


Plant intakes 

Greater thought must be given river, lake and ocean 
intake because more water is being taken from 
these sources. Real engineering is needed—the day 
of an old pipe stuck into the river is gone. And 
plant intakes must be located so pollution in any 
form will cause them the least disturbance. 
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WORTHINGTON IN REVIEW 
NOW! “BIG TURBINE” DESIGN IN THE SMALLER KW SIZES 


Who says you can’t improve long-established products? More than 50 major refinements in recent years have brought new economies 
to the smaller industrial and municipal turbine generators. Because of “big turbine” design, the new Worthington units are more 
efficient, better looking and require less maintenance. As a result you'll find the same degree of control flexibility in a Worthington 
turbine as you do in machines several times larger. You'll find cam-operated nozzle control valves which provide more precise 
control of steam flow conditions and smoother operation. You'll find Kingsbury type thrust bearings. And before shipment, each 
Worthington unit is completely assembled and meticulously tested with its generator. 


This 5,000 kw Wort 
| hington turbine generator supplies electric power for the City of Cedar F 
: y edar Falls, lowa. 


WORTHINGTON IN REVIEW 
HIGH OUTPUT TURBOCHARGED ENGINES FIND NEW APPLICATIONS 


Because of many spectacular improvements, power engines are now being considered for a score of new applications. To mention a 
few: guided missile launching stations, refrigeration, telephone service, power peaking, power factor correction, power for radar 
stations, and many multiple-purpose uses such as pumping coupled with power generation. Part of Worthington’s contribution to 
engine progress is the recent introduction of four all-new turbocharged engines. Used for years on large 4-cycle engines, fully exhaust 
powered turbocharging has been successfully adapted by Worthington to the medium range of heavy-duty 4-cycle engines and to 
2-cycle gas engine compressors. More powerful, compact, economical, these new engines open up exciting new possibilities. 


| 
‘ Six cylinder Worthington turbocharged engine compressor at a gas gathering station in the Oklahoma Panhandle. ,. 


WORTHINGTON IN REVIEW 
COMING—THE SWING TO HIGH-SPEED BOILER FEED PUMPS 


With the trend to higher and higher power plant operating pressures in subcritical and supercritical ranges, new boiler feed pump 
designs have been urgently needed. It’s apparent that pressures up to 6,000 psi cannot be reached at the conventional speed of 3,600 
RPM. Impressive evidence of leadership in breaking through the speed barrier are the 42 Worthington high-speed boiler feed 
pumps, ranging from 6500 to 9000 RPM, running, or now on order. The first 9000 RPM Worthington unit, installed in 1954, has 
thoroughly proved itself in service. Worthington sees no reason why operating speeds can’t go even higher to keep pace with 
industry requirements, and still maintain the high degree of reliability required by modern power plants. 


Three Worthington six-inch, six-stage boiler feea pumps in an Eastern power plant. 


WORTHINGTON IN REVIEW 
ANY SHAPE, ANY SIZE: THE NEW LOOK IN CONDENSERS 


Worthington is helping to combat rising construction costs by continued emphasis on “space engineering” and constant research 
in the design and fabrication of condensers and deaerators. This has been done to meet the demand for (1) larger sizes to keep 
pace with turbine generator ratings, and (2) condensate and boiler feedwater of exceptional purity. Worthington condensers for 
super-critical pressures and nuclear power plant applications are of special design to accommodate large quantities of “dump” 
steam, and to guard against feedwater contamination. Worthington is now building several of these units in sizes ranging from 
10,000 to 120,000 sq. ft. And deaerators have been furnished for capacities approaching 3,000,000 pounds per hour. 


4 
\ 
This 170,000 sq. ft. Worthington condenser—world’s largest in a single shell—will serve a 325 MW turbine generator. Bsa 


WORTHINGTON IN REVIEW 
1,000 HP COMPRESSORS NOW SOLD “OFF THE SHELF” 


To pack more quality and reliability into the larger units, Worthington has recently completed a major portion of a long-range 
compressor standardization program. Basic parts of all water-cooled machines up to 1,000 hp (and above in certain popular types) 
have been standardized and are now being manufactured for stock. This program promises to bring drastically shorter shipment 
for both complete compressors and replacement parts. Manufacturing cycles have already been cut up to 33%. And by freeing 


engineering time for basic design work, the program has resulted in performance refinements making Worthington compressors 
best-by-far on the market today. 


4 
é A line-up of 1,750 hp Worthington air compressors in a large automobile plant. 


WORTHINGTON IN REVIEW 
MAKING TODAY’S PUMPS ADAPTABLE TO TOMORROW'S JOBS 


Constant goal of Worthington pump development is to make the fewest units adaptable to the most jobs, most economically. By 
designing a wider range of service conditions, Worthington helps keep the price down and the return—in pump performance and 
application flexibility—up. Backed by one of the largest hydraulic test stands in the world, Worthington engineers are pioneering 
many new pump developments for American industry. The vitality of our engineering staff and its contributions to industry's 
know-how is demonstrated by the more than 300 articles by Worthington people that have appeared in the technical press in the 
last five years. Many of these articles highlight important contributions by Worthington in the hydraulic field. 


: Two Worthington rotary pumps handle 4,000 galions-per-minute of fuel oil at a bulk storage plant in Maryland. a ae 


WORTHINGTON IN REVIEW 


INTRODUCING A NEW APPROACH TO STEAM STATION DESIGN 


After a century of experience and cooperation with electric utilities and consulting engineering firms, Worthington has helped to 
develop a new steam station design approach which promises to bring higher efficiencies, lower costs, and greater reliability. In 
this new approach station requirements are analyzed in terms of the job to be done by each of three basic functions rather than 
by individual pieces of equipment. Many of the benefits of this new approach occur in the Fluid Handling Group. Here, coordination 
and integration can result in substantial improvement in plant reliability and economy. A manufacturer of all major components of 
the group, Worthington has “system-wise” experience that can benefit you. Worthington Corporation, Harrison, N. J. 332-1 
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ES and Electric Company’s Morro Bay Power Plant. 
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SHIELD FOR OUTDOOR CONTR 


MASTER 
Thermostat 


Hygrostat 


Series 100 Recording Controller 


and V- Port FLOWRITE Control Valve 
LIMITEM Thermostat 


PNEUMATIC CONTROLS 


Series 100 
Indicating Controller 


Static 
Pressure 
Controller 


6” POWERSTROKE Damper Operator 


No. 11 

Self Operating 
Temperature 
Regulator 


Available with 

Single or Double 

Seat and 3-way 

Mixing Valve Pd 


Convector and Unit 
Air Conditioner Valves 


FLOWRITE 3 Packless 
Diaphragm T 
Valve 


\ Single 


3” POWERSTROKE 
Damper Operator 


For Heating and 
Air Conditioning Systems 
Industrial Processes 


Water Heaters « Heat Exchangers 
Jacket Water Cooling 


All Types of Baths 
Hospital Hydrotherapy Most of your control problems 
can be solved successfully with the aia 
of a POWERS engineer and the propane 
application of some of our modems 
products.Why not profit fromour6S yearn 
of experience? There’s no 
Phone or write our nearest 


Regulator : 


Compressed Air or 
Water Operated 


No. 11 Temperature 
Indicating 
Regulator 


hk THE POWERS REGULATOR CO. 
4 ALAR SD Established 1891 + Offices in 65 Cities + See Your Phone Book 


Self HYDROGUARD thermostatic 
Operating 4 water controls for showers 
and processes 
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On the threshold of an 


The Thermix Salute to the Progress and Future of Power 
Generation on this 75th Anniversary of POWER Magazine 


POWER... key to the greatest revolution in history, is itself in a state of 
continuous evolution. It took five hundred years to span the era from the 
water wheel to the crude steam engine. Just a little over three quarters of a 
century ago the age of electricity began. And within the last decade and a 
half, the force of the atom has challenged the concept of future sources of 
power in Industry, in Aviation, in Marine Applications and many other 
Power requirements. 

What of tomorrow? 

New and exciting sources of energy are within our grasp today. 
Barely five years ago control of the atom for commercial application was 
still a dream. In 1957 the first full-scale atomic-electric generating plant 
will be operating, and researchers envision the day when direct conversion 
of nuclear energy to electrical energy is an accomplished fact. 

Chances are that within the next twenty-five years, today’s concepts of 
power will be as obsolete as yesterday's steam engine. The search for new 
and better sources of energy moves forward at a dizzy pace, and Industry 
looks to the specialist to keep it abreast of these rapid changes... the 
Consulting Engineer. 

Your Consulting Engineer is constantly alert to the future production 
and utilization of power. His training and experience will prove invaluable 
to you in keeping your plant at peak performance. 

Serving the Consulting Engineer as Project Engineers is The Thermix 
Corporation ...a group dedicated to the future of POWER. 


Project Engineers 
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project engineers for: 


THE AEROTEC CORPORATION 


Mechanical and Electrical Precipitators, 
Aircraft controls, instruments, valves 
and other associated aircraft components. 


PRAT-DANIEL CORPORATION 


Mechanical Dust Collectors, Combined 
Fan Stacks, Induced and Forced Draft Fans. 


THE AEROTHERM CORPORATION 


All types of Aircraft crew and passenger 
seating and accessories, as well as special 
seating applications for such projects as 

the modern submarines and the new articulated 
light-weight trains. 


HEACON INCORPORATED 


The only damper that provides tightness 
and accurate control of gas flow. 
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Wears longer than steel... non-skid under oily conditions... 


Reliance 


abrasive embedded grating 


Reliance Relgrit abrasive embedded grating and 
treads provide the only truly non-skid surface. Even 
when covered with oil, Relgrit.has a coefficient of 
friction 30% greater than dry steel grating. Wear 
tests have shown that the abrasive surface will wear 
longer than steel, and retain its non-skid quality 
during its entire service life. 

The top surfaces of the bearing and cross bars 
have 14%” deep V-grooves in which is embedded abra- 
sive aluminum oxide grains in a hard resin. The 


material is not affected by water, oil, gasoline, greases, 
or commonly used acids, alkalis and other chemicals. 
Together with its wear resistance, this gives Relgrit 
a long service life. 

If you have floors or stairs which become oily, 
greasy, wet, or slick from any cause, Relgrit can 
provide safe footing at very low cost. Write on your 
letterhead for free sample and literature, or ask for 
our representative to call. It will pay you to investi- 
gate this remarkable new grating. 


you can’t slip on Relgrit* 
*Patent applied for 


. 


Please send Bulletin R655B describing Relgrit abrasive 
embedded grating and treads, 


NAME 


"COMPANY 
"ADDRESS 


Relgrit Abrasive Gratings and Treads + Lightweight Bridge Flooring 


Steel, Stainless and Aluminum Grating + Steel Mill Equipment 
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: P.O. Box 510-J, McKeesport (Pittsburgh District), Pa. 


For 70 years, Elliott has set the pace in the 
design and construction of the finest in steam 
and electrical equipment. Examples of products 
that illustrate Elliott experience and versatility 
are given on the following pages. 


TURBINE- 
GENERATORS 


DEAERATING 
HEATERS 


GENERATORS 


TUBE 
CLEANERS 


EJECTORS 


TURBINES 


| ELL 
e 
. 
MOTORS 
~Or! 
a 
} 2 
STSAINERS 
lie 


INDUCTION MOTORS Two-pole machines 
(350 to 9000 hp) include this 2500-hp ‘‘super- 
quiet’ boiler-feed pump driving motor. Also 


four or more poles (500 to 9000 hp). 


SYNCHRONOUS MOTORS Designs range 
from 100 to 50,000 hp for direct, belt or gear 
drive. This 6000-hp machine drives steel mill 
roughing stands 


CROCKER-WHEELER INTEGRAL HP 
MOTORS New NEMA rerate line of a-c 
motors includes the ribbed frame TEFC con- 
struction, pioneered by Crocker-Wheeler. 


ELLIOTT has pioneered in the building 
of electrical equipment since 1888 


The first small integral horsepower 
motors came off Crocker-Wheeler 
assembly lines long before the dawn 
of the twentieth century. In the sub- 
sequent 50 years, a broad range of 
Elliott motors—from NEMA integral 
horsepower frame sizes to large in- 
dustrial, propulsion or power auxiliary 
machines—have set outstanding per- 
formance records. 

Elliott experience includes such 
major “‘firsts’” as the first large two- 
pole induction motor ever built (in 
1916) ... “Elliott Fabri-Steel’’ which 


MILL MOTORS This new 620 AISE standard 
d-c mill motor is typical of Elliott's pace-setting 
in the design and construction of modern 
motors for tough jobs. 


replaced cast iron and bracket-frame 
construction with welded steel... 
introduction of the ribbed-frame 
totally-enclosed design . . . building a 
specifically mill-type motor . . . and 
development of commercially-success- 
ful compensated-wound d-c genera- 
tors. What’s more, Elliott has been a 
pacemaker in providing improved 
frames and enclosures . . . new insu- 
lating materials . . . outdoor weather- 
protected designs . . . “‘super-quiet”’ 
machines and many other develop- 
ments. 


MOTOR-GENERATORS From 250 to 5000 
kw. This five-unit m-g set, serving a reversing 
cold mill, is driven by a 4500-hp, 13,200-volt 
synchronous motor. 


| Elliott designs for dependable, non-stop performance 
3 
me 
= 
Elliott installati I th try have proven 


has been designing and building 


The Elliott Turbine Division prede- 
cessor (Kerr Turbine Company) was 
building steam turbines during the 
earliest days of turbine development. 
It built the first production multistage 
mechanical drive turbines. Meanwhile 
Elliott’s Ridgway Division had begun 
to manufacture turbine- and motor- 
driven centrifugal compressors. 

To further provide a well-rounded 
line of major steam apparatus, Elliott 
took the lead in the development of 


ME AN Single- 
stage and multistage in practically any re- 
quired horsepower, speed, inlet and back 
pressure. Reduction gears (built in or coupled). 


steam and related equipment since 1901 


condensers, steam jet ejectors, de- 
aerating feedwater heaters and other 
products. 

Today, backed by a half-century of 
experience and continual improve- 
ment, these products are serving well 
the requirements of power and indus- 
trial process applications. Your near- 
by Elliott district office will be happy 
to furnish you with detailed product 
information. Or write Elliott Com- 
pany, Jeannette, Pa. 


Single or 
multistage, inlet capacity to approximately 
50, cfm, turbine or motor driven. The 
25,650 inlet cfm compressor is motor-driven. 


‘S Engineered and 
built as a s unit by Elliott. Sizes up to 44,000 kw. 
Two 22,000-kw hydrogen-cooled units are 
seen here. 


From size of man’s hand to the 
giant twin three-stage ejectors shown par- 
tially above, serving world’s largest crude 
oil unit. 


A complete line of barometric 
and ro types. Here is a 30,000-sq ft 
Elliott surface condenser of divided water-box 
construction. 


TURBINE- 
GENERATORS 


DEAERATINGEE 
HEATERS 


TUBE 
CLEANERS 


ae 


ans 


EJECTORS 


STRAINERS 


to meet your specific application requirements ewuort] 
ee. 
ye 
: CONDENSER 
Mis: | | 
| 
COMPRESSOR 
= 
| 
| 
their superiority In design and workmanship elie 
= 
TURBINES 


ag 


ELLIOTT Compan 


These 

-engineered 
products assure dependable, 
continuous performance 
for your power plant 

or industrial applications 


—built by Elliott—range in size up to units 
with a capacity of 2,500,000 Ib per hr. Elliott pioneered deaeration of 
water to prevent corrosion in boilers and piping. The installation seen 
on this page has a capacity of 975,000 Ib per hr. 


TUBE CLEANERS AND EXPANDERS Tube cleaners in various types 
and sizes for boilers, condenser and heat exchanger tubes. Illustrated 
is lightweight, powerful air-driven motor driving shaft and drill (or 
brush) in heat exchanger tubes. Tube expanders and precision electric 
and air-magnetic controls available for small tubes. Also boiler tube 
expanders. 


Twin, single and self-cleaning strainers in sizes from 
1” to 24” with straining perforations from 3%” down to fine wire mesh. 
Pictured here is an installation of large and small Elliott twin strainers, 
with motor-operated valves, part of an installation straining river water 
in a large refinery. 


TURBOCHARGERS for all types of four-cycle and two-cycle diesel 
engines, 175 hp and up. More than 15-million hp of diesel engines have 
been turbocharged by Elliott machines, similar to the turbocharger 
seen on this page. 


f= Call the Elliott man at 
oas9 your nearest Elliott district office 
ax 


, He is an experienced engineer, happy 
to supply you with complete engineer- 


x ing data on any Elliott product. He is 


qualified to help you with specific application 
problems. You may also write to Elliott Company, 
Jeannette, Pa. 


Ask for Bulletin Q-24 
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Five “turn-key” boiler plants 


Five new Ford Motor Company fac- 
tories will have Dravo-built steam 
generating and air compressor 
plants similar to this one in Sterling 
Township near Detroit. Three are 
in operation, the fourth and fifth 
are under way. First of these turn- 
key projects was built in 1955. 
Ford engineers specified design re- 
quirements ... Dravo handled 
engineering-construction, procured 
equipment and erected the com- 
plete plant. 

Dravo has built more than 80 


power and steam generating plants 
for both industrial and central sta- 
tion use. The combination of pipe 
fabrication facilities and construc- 
tion experience produces low cost 
plants that are economical to 
operate and maintain. 

Your next construction project 
may benefit by making use of this 
teamwork. For information on this, 
or any of the products and services 
listed below, write DRAVO COR- 
PORATION, PITTSBURGH 25, 
PENNSYLVANIA. 


for FORD 


DRAVC 


| ) 


Cae + gantry & floating cranes + gas & oil pumping stations - locks and dams « ore & coal bridges * process equipment - 
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Blast furnace blowers + boiler & power plants - bridge sub-structures « cab conditioners +» docks & unloaders - dredging - fabricated piping i 
pumphouses & intakes 
river sand and gravel + sintering plants + slopes, shafts, tunnels - space heaters + steel grating + towboats, barges, river transportation 


systems 


TRIPPEF 
URIVE 7 PPER 
BUNKER SEAL 
Seal z zips open 
Eltimis 


BELT CONVEYORS ‘alias 
CONVEYORS, ELEVATORS 
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The power plant built for present needs often is 
expected to serve the next generation, also. The 
men responsible for purchase of the plant's vital 
coal handling system may expect to buy only one 
such system in their lifetime. Their selection must 
be right—with no room for mistakes. 

Such a system must function continuously, night 
and day, winter and summer, for years to come. It 
must provide rugged, flawless operation, be eco- 
nomical in installation and delivery costs, and must 
be sparing of manpower. 


To create such a system demands the finest engi- 
neering, the best construction, and, above all, the 
greatest experience. These are S-A qualities and they 
have been earned in long service to the power field. 

For today's generation, STEPHENS-ADAMSON 
coal handling systems help supply hundreds of 
thousands of precious kilowatt hours. They can be 
counted on to ¢ upply tomorrow's requirements, too. 
This is why, more and more, in coal handling sys- 
tems, the big name is S-A, a name richly endowed 
with over 50 years of experience. 


Knittel crushers built by S-A and used to reduce S-A REDLER conveyors and elevators are pat- Large coal volume can be handled with 
run-of-mine coal to stoker size. They are com- ented products. They ideally move crushed coal S-A belt conveyors at extremely low 
pactly constructed, requiring little headroom and over any plane, completely enclosed, eliminating cost per ton and with minimum main- 
are extremely dependable. S-A crushers are all dusting problems. Specially designed flights tenance cost. Feeders supply coal from 
available in many sizes and variations to meet move coal forward in a solid column. Discharge bins or track hoppers in uniform, easily 
specific requirements. is possible at single or multiple stations. controlled volumes. 


STEPHENS-ADAMSON MFG. CO. 


S-A sales engineers 
have the full background 
and training necessary 
to provide wise counsel 
in all coal and ash han- 
dling problems. Call in 
the S-A man in your 
area or contact any of 
the three STEPHENS- 


ADAMSON main office- 
plants direct. Belt, Pan and Plate Feeders 


Ship Loading Boom Conveyors 

Stacking Conveyors 

Storage and Reclaiming Systems 

“Natural Frequency” Vibrating 
Conveyors 


5 RIDGEWAY AVENUE, AURORA, ILLINOIS 
LOS ANGELES, CALIFORNIA 
BELLEVILLE, ONTARIO 


S-A manufactures a wide range of material handling products in three complete plants in U. S. and Canada. 


REDLER Conveyor-Elevators Centrifugal Pilers 
ZIPPER Conveyor-Elevators Bin Gates and Tunnel Gates 


Conveyor Belt Cleaners Car Pullers and Spotters 
Headshaft Holdbacks Bucket Elevators 


Grizzlies and Screens Skip Hoists 
SEALMASTER Ball Bearing Units 


THE EQUIPMENT SHOWN HERE WILL BE SENT ON REQUEST 


ZIPPER BUCKET BIN GATES- VIBRATING SCREENS CIRCULAR 
CONVEYOR-ELEVATORS ELEVATORS ALL KINDS 
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CRANE Pressure-Seal Bonnet Valves 


In gate, globe, angle and stop-check patterns—flanged, butt- and socket- 
welding ends—rated in accordance with A.S.A. in 600-, 900-, 1500- and 
2500-pound classes. Sizes: gates—1 to 24 inches; globes and angles 
—1 to 16 inches; checks—2'/ to 12 inches; stop-checks—6 to 12 inches 
Crane design is at its very best in this streamlined line 
of pressure-seal bonnet valves—made expressly for 
high-pressure/high-temperature service in central sta- 
tions and industrial power plants. 

Bonnet joints in these valves are sealed by a unique 
method which uses internal fluid pressure to effect a 
leakproof seal. This method virtually eliminates bon- 
net-joint maintenance—and maintenance costs. 


Other features include: weight-saving body design 
—saving up to 60% over conventional design—swivel 
action yoke and clamp which permits choice of position 
for motor or gear mechanism . . . one-piece sealing ring 
. . . Stellited seating surfaces. 


Write to address below for descriptive Circular 1936. 


CRANE high-pressure/ temperature valves 
assure leakproof service—less maintenance 


CRANE Lip-Seal Bonnet Valves 


In globe, angle and lift-check patterns; sizes—'/2 to 2 inches; 
screwed and socket-welding ends; rated in accordance with 
A.S.A. in 1500- and 2500-pound pressure classes 


These popular Crane valves are widely used on steam, 
boiler feed, drips, drains, by-pass, blowdown and 
similar piping services. 

They assure you absolute tightness, no bonnet-joint 
maintenance, minimum valve weight and bulk without 
sacrificing strength—and easy, fast dismantling and 
reassembly. 

Features include: lip-seal design which permits re- 
welding without damage to the valve . . . improved 
disc-stem connection that minimizes vibration . . . two- 
piece, non-binding ball-type gland construction ... 
and Stellite seating surfaces. 

For details, write to Crane Co., for Circular 2099. 


For prompt personal service, see your Crane Representative. 


CRAN E VALVES & FITTINGS 


PIPE © PLUMBING KITCHENS HEATING AIR CONDITIONING 
Since 1855 — Crane Co., General Offices: Chicago 5, Ill. Branches and Wholesalers Serving All Areas 
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The power field today and tomorrow « II 


Tomorrow’s equipment for 


STEAM 


Improved fuel delivery methods by suppliers; increased 
use of mobile and fully automatic fuel- and ash-handling sys- 
tems will highlight push for still-higher fuel economy 


Air-pollution laws and higher-ash coals could mean stack- 
emission and ash-disposal problems. Solutions will be use of 
dust collectors and a newly-created market for flyash 


Advances in furnace design and firing methods will bring 
higher efficiencies despite drop-off in fuel quality. 


Pressurized furnaces for coal-burning boilers will challenge 
balanced-draft systems. Supercharged furnace is coming 


Metallurgy holds answer to higher pressures, temperatures 
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Fuels of the future 


Tomorrow’s energy demands will make an un- 
precedented assault on our fossil-fuel resources. 
Will conservation-aimed projects now underway be 
economically feasible? To get the picture, PowER 
went to the experts. They see it this way: 

Gas, synthetic oils from coal. Coal-to-liquid- 
fuel conversion is in the distant future. With present 
technology, the brutally high energy loss suffered 
during conversion appears to make process de- 
velopment out of the question—at least until such 
time that our petroleum supplies approach exhaus- 
tion. However, future increase in international com- 
petition for oil, with its resultant sharp upswing 
in price, could force us to coal conversion to retain 
our fuel independence. 

Coal-to-gas possibility is brighter from an en- 
ergy-loss viewpoint, even though none of the present 
processes can convert the entire coal substance into 
near natural-gas-equivalent Btu in one jump. It 
takes at least two steps: (1) produce a synthesis 


gas and (2) upgrade the gas by methanation. 
Though a costly business today, increasing know- 
how will up process efficiency, permit utilization of 
low-grade low-cost coals. 

Shale oil. Middle East crisis sharply pointed up 
need for developing our oil resources, bestirred 
activity in shale-oil research. U. S. has ample shale 
deposits, but big roadblock is high cost of pro- 
cessing. Prediction: no immediate shale-oil boom— 
but it may not be too many years away. 

Nuclear fuels. Subject of much conjecture, but 
deeply shrouded by security measures so far as in: 
ventory is concerned, fissionable materials are em- 
erging from the realm of military weapons to take 
a top spot in our fuel resources column, The nu- 
clear reactor, though posing newly minted problems 
of fabrication, control, operation and maintenance, 
may prove to be the answer to our ever-rising de- 
mand for power. (Design trend for steam-plant 
reactors is outlined on page B*60.) 


Fuels, firing, furnaces 


Competition in our 3-fuel 
economy will prod new meth- 
ods, higher efficiency in de- 


livery to steam plants 


Coal traditionally dominates steam-plant economy. 
But, during the last 25 years, it has taken some 
heavy body punches from liquid and natural-gas 
fuels. Cutting sharply into domains long served by 
coal, they’ve forced coal to take a hard look at its 
mine-to-consumer handling methods and costs. 

To the user, oil and gas offer the obvious ad- 
vantages of requiring little or no storage space 
and preparation, less costly firing equipment, no 
ash handling and relatively simple automatic con- 
trol. However, all other things equal, coal has the 
advantage in cost per 1000 lb of steam generated. 
Too, the long-term unlikely-to-be-interrupted sup- 
ply factor appears to be heavily in coal’s favor— 
important in a politically restless world. 

Ultimately, a combination yardstick of fuel char- 
acteristics, availability and delivered cost deter- 
mines steam-plant fuel choice. By and large, the 
only item fuel suppliers can control is delivered 
cost, and this through the trend toward more effi- 
cient recovery, process techniques and cheaper 
transportation. (See box, facing page). 

Fuel producers quote figures covering both known 
and undiscovered recoverable resources with im- 
punity, mainly because no one can prove them 
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A long-standing and major headache of the coal 
industry is the high transportation cost. While price 
at mine has dropped over the last few years, aver- 
age cost per ton to ship coal to market is rising. 

Breaking away from conventional transport 
methods, one producer has come up with a radical 
way to slash shipping costs: a 108-mile pipeline 
designed to move 1.3 million tons annually from 
mine to consumer. Since the line uses a pulverized 
coal and water slurry, pumped at about 344 mph, 
a good water supply at the mine and adequate 
dewatering facilities at its terminal are essential. 
Today, these lines are regarded as experimental. 
Their limits—coal size handled, water supply, de- 
watering—are fully recognized. Yet, many men in 
the coal and transportation industries are optimis- 
tic, feel that pipelines will be most helpful in reduc- 


What’s new in fuel transportation? 


ing coal transport costs. 


Those who discount pipelines and see little im- 
provement ahead in conventional methods, feel that 


right or wrong. Regardless, steam-plant fuel ex- 
perts and engineers involved in designing tomor- 
row’s steam-generating equipment believe that the 
fuel usage pattern will shape up as follows: 


Coal 

By 1975, though coal’s percentage share of total 
energy demand may be less than today’s, volume 
used will be 60 to 70% above present level and 
will carry a heavier part of the country’s energy 
burden. Electric utility and industrial plant expan- 
sion will continue to surge and, in the main, will 
be designed around coal as base fuel. Florida, only 
utility market east of the Mississippi not presently 
in the coal column, is a standout case-in-point. With 
a power demand growth at twice the national rate, 
Florida’s electric utility thinking is strongly in 
terms of conversion to coal. 

Aware that it'll become steadily harder to get 
coal out of the ground and that quality will drop 
off, producers will press mining machinery design- 
ers for ever-better, faster, more-rugged equipment. 
There'll be more preparation plants—cleaning, 
washing, sizing—at the mines to up quality, adapt 
coal to particular needs. 


Oil 

Factors, other than pure economic ones, affect our 
oil flow more than other fossil fuels. Trade agree- 
ments, national security policies, restrictions and 
the pattern of producers’ interests combine to make 
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long-distance belt conveyor networks will solve the 
problem. A few say that a mine-to-industrial center 
delivery system of high-speed closed-loop monorails 
falls into the realm of economic possibility. 

In some quarters, there’s serious talk of mine- 
mouth generation, where central stations located 
on top of mines would squelch transportation cost 
altogether. Theory here is that long-distance power 
transmission would cost considerably less than equi- 
valent coal shipment. 

Overall opinions are: (1) Bulk of coal trans- 
ported in the future will move as it does today— 
by water, rail and truck. (2) Costs will be brought 
down by speedier more-efficiently-designed car- 
riers and handling techniques. 

Present oil and gas transportation methods don’t 
allow much leeway for cost cutting. Both must use 
pipeline or mobile closed containers. Experts see 
little change in handling costs beyond slight re- 
ductions resulting from less equipment maintenance. 


a somewhat hazy picture for the future of fuel oil. 

However, two facts are clear. (1) Crude oil is 
presently the only adequate source of lubricants 
and internal-combustion engine fuels. Should na- 
tional defense need huge quantities of these, only 
the most critical war effort steam plants would be 
allotted fuel oil. Too, peacetime engine fuel and 
lubricant needs must be met by crude oil. Should 
a shortage develop, steam plants could turn to alter- 
naie fuels—impossible, practically speaking, for 
engine-powered equipment. (2) Crude oil prices 
will rise, despite the petroleum industry’s outstand- 
ing technical performance. Crude is increasingly 
harder to find, costlier to process and deliver. 

Under normal conditions, fuel-oil supply won't 
drop off in the near future (though quality will). 
Only steam plants escaping long-haul transport 
costs, or those whose economy permits premium 
price fuels, will prefer to burn fuel oil. 


Natural gas 
Gas, a relative newcomer in the important fuels 
area, has thrown a 546,000-mile network across 
46 states. Pipe-mile spread (gathering, transmis- 
sion, distribution) will jump to 736,000 by 1965. 
As a steam-plant competitive fuel, however, its 
present status is unlikely to change despite pro- 
jected development of underground storage areas. 
Economical use depends on plant’s nearness to gas 
fields. Over the long haul, major outlets will con- 
tinue to be domestic heating and process use. 
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Trend in fuel-, ash-handling 
is to pushbutton control and 


dust-tight systems at plant 


Fuel- and ash-handling efficiency directly affects 
fuel cost—the steam plant’s biggest single operating 
expense. Coal- and oil-burning plants, with an en- 
vious eye on the gas-fired plant’s setup—supplier’s 
pipeline is storage area, fuel to burner is continu- 
ously automatic, no ash disposal—are shooting for 
equivalent simplicity. Though today’s oil-burning 
plant is already relatively simple, it'll be even more 
of a look-no-hands system tomorrow, see fuel-oil- 
system robot, bottom of facing page. 

Because the coal-burning steam plant, on a Btu 
basis, usually achieves high fuel economy, the more 
complex equipment needed to handle this fuel 
usually pays substantial dividends. In the past, 
the push has been to mechanize handling; in the 
future, we'll see more emphasis on automating the 
job, with human supervision replaced as well as 
human muscle. With more accent on automatic 
control—which will up investment—there will be 
a push to cut maintenance costs. 

Small plants, which have always presented a 
tough problem, now have economical handling 


UNITS of 


answers available. The big need, a dust-tight auto- 
matic ash-removal system to discharge into street- 
level containers, will be met by units now well past 
the experimental stage of development. 

Institutional plants, schools and apartment build- 
ings will benefit from close co-operation between 
architects, consulting engineers, contractors and 
builders in design and construction of coal and 
ash storage and handling facilities. Result will pro- 
vide maximum automatic operation at a capital 
cost in line with plant size, and slash maintenance 
expense by significant amounts. 

The larger the steam plant, the more complex 
its fuel-handling problems. Full mechanization is a 
must and the trend is to more powerful mobile 
units, such as bulldozers and draglines, that'll move 
more coal in less time to conveyor-system intake. 
Dust-tight and completely automatic, the conveying 
system will be a precision tool, not only for carry- 
ing coal, but for weighing it and extracting sam- 
ples for quality tests. For stoker-fired plants, 
there will be more emphasis placed on designs to 
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Hydraulic, pneumatic systems: 
Their use will increase 


Experts agree that pneumatic and hydraulic con- 
veying systems will show up in increased num- : 
bers in tomorrow’s steam plants. The pneumatic ope 
coal conveyor will be popular in moderate-size : 3 
plants because it'll be cheaper to install and 
will duck obstacles easily. Vacuum-pressure 
lines will be practical up to about 1500 ft, with 
coal moving on vacuum for about 400 to 500 ft, 
then transferring to a pressure system the rest 
of the way. Another advantage: Absence of mov- 
ing parts cuts operating hazards, reduces main- 
tenance. Tying in with plant conveyors, hy- : 
draulic systems, several miles long, may bring & 
coal from major unloading points (rail, barge = 
terminals) to central dewatering stations for 
delivery to closely grouped industrial plants. 

Pneumatic and hydraulic systems will become 
even more common for ash handling; their choice 
depending largely on plant location and boiler 
type. The steam-jet pneumatic system will be 
preferred by plants in up to 100,000 lb per hr 
bracket, particularly those which convert from 
oil to coal and face ash-handling problems for 
the first time. 

Larger plants’ trend toward pressurized fur- 
naces and bigger boilers makes the hydraulic 
system an obvious choice. Conventional high- 
pressure water-sluicing systems will give way 
to low-pressure recirculating-water hookups. 

As in coal handling, tomorrow’s ash-handling 
systems will be designed to meet air and stream 
pollution limits, will accent better materials and 
‘designs and will be completely automatic. 


terials will cut fuel-moving cost from storage to 


boiler 


avoid conditions tending to produce segregation. 

Bins, silos and bunkers, vital links in handling 
coal, will have sensitive indicators to give true level 
at a glance and take charge of replenishment. 
Hangups, due to arching or rat-holing, will die out 
through better bunker design, newer rapping and 
pulsating devices. One of the latter, using synthetic 
rubber bonded to steel plates, inflates and deflates Ay 
rapidly when spotted inside bunkers, hoppers, nt 
chutes, etc; may also solve problem of wet, frozen 
coal in car-dumping operations. 

Tomorrow’s improved coal- and ash-handling 
equipment will owe much to new developments in 
instrumentation, control and metallurgy. Alloy 
steels will give systems designers materials that'll 
be stronger, tougher, longer-lasting—a big item in 
combating coal’s corrosive and erosive effects. 

With closed construction to satisfy waste, air and 
stream pollution limits, automation to cut operat- 
ing cost and longer performance with less mainte- 
nance, tomorrow’s coal- and ash-handling systems 
will do much to up overall plant economy. 


HAND Fuel-oil-system robot? 


Upcoming fuel-oil-handling systems 
will feature the ultimate in automa- 
tion. Electronics and radioactive 
isotopes will team-up to control con- 
tinuous oil supply to burner at right 
temperature, pressure. Storage-tank 
scanners will indicate level, log fuel 
used, warn when supply is low. If 
wanted, they'll go a step farther and 
signal supplier when to refill. Chem- 
ical additives will be automatically 
fed to inhibit sludge, corrosion; im- 
proved materials will cut mainte- 
nance expense to the bone. 
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Stack-emission forecast: lim- 


its will be tighter; coal will 


produce more ash 


Dust collectors will be a must 


Public-opinion-generated legisla- 
tion demanding clean air means 
that dust collectors will be stand- 
ard equipment in most future 
coal-burning plants, Variations 
and combinations of centrifugal 
and impingement types of me- 
chanical separators loom as the 
work horses, particularly in plants 
whose economy won't allow an 
elaborate system, yet must come 
up with efficient performance. 
Scrubber types will find wide ap- 
plication in waste-heat boiler in- 
stallations, where noxious gas 
poses a problem, 

Electrestatic collectors, alone 
or in series with mechanical col- 
lectors (latter scheme to trap 
highly-conducting materials that 
elude the electrostatic unit), 
can’t compete in first cost with 
mechanical units. Big use will 
continue in the central station. 
With present efficiency up to 
99.99%, the electrostatic unit’s 
major advance will be in provi- 
sion for completely automatic 
voltage regulation. 

The sonic precipitator, tied in 
with a mechanical separator, 
shows promise. Economically out 
of range of many steam plants 
at present, its cost will drop. 
When it does, this relative new- 
comer may prove to be a doughty 
warrior in the battle with stack- 
emission limits. 


A dirty stack at tomorrow’s steam plant will mean 
more than a sign of poor combustion. The stack 
owner will be in the odd position of having to pay a 
bonus for the short-lived privilege of wasting fuel. 

Today’s signs of things-to-come show up in in- 
creasing enforcement of air-pollution laws now on 
the books and a steady rise in newly-enacted legis- 
lation across the country. No longer will the “belch- 
ing stacks of industry” connote a sense of economic 
stability to the man in the street. He’ll voice louder 
demands for stack-emission control—and he'll be 
heard by those in public office. 

It’s true that factors other than stack emission 
contribute heavily to air pollution, but the presence 
of the word “smokestack” in the dictionary is in- 
dicative of the association in the public mind. In- 
escapably, the plant stack will be one of the prime 
targets in the spreading drive for air-pollution con- 
trols featuring roving sharp-eyed inspectors. 

What will this mean to the steam plant? Legally, 
it can mean mandatory procurement of an operat- 
ing certificate that can be revoked if stack emission 
exceeds prescribed limits. Revocation may mean 
shutdown until the plant shows combustion cleanup. 

From an operating standpoint, the problem will 
be complicated by the fact that, as laws tighten 
stack-emission limits, ash content of future coals 
will go up. Underfeed firing, which gives a rela- 
tively clean stack, will continue to use higher-grade 
coals with ash-fusion temperatures of not less than 
2200 F. But, the first line of defense for most plants 
will be some form of dust-collection equipment, 
see box at left. For both coal- and oil-firing, a 
trend to crisp-response automatic combustion-con- 
trol systems is in the offing. Backing up the coal- 
fired boiler’s equipment will be widespread use of 
flyash reinjection systems. These systems will up 
plant performance by (1) reducing load on dust- 
collectors (2) recovering combustible (3) giving 
closer control of amount of excess air. 


Flyash disposal 

The situation: Taut air-pollution laws and higher 
ash-content coals, see above, will combine to pro- 
duce gigantic mounds of flyash on the doorsteps of 
our steam plants. Disposal, already expensive, will 
be even more costly as permissible disposal areas 
become tougher to find. Flyash production jumped 
from 3.8 million tons in 1946 to 9.4 million tons 
in 1956, and it will skyrocket to a resounding 20 
million tons by 1970. What’ll we do with it? 

To get the answers, PowER sought out the men 
who have studied the problem from all angles. In 
general, their thinking is that instead of flyash be- 
coming an ever-increasing headache that we'll have 
to learn to live with, there’s a bright prospect for 
plants to actually make a profit from it, 

Recent developments along this line utilize some 
flyash as a substitute for portland cement and for 
making lightweight building blocks, but amount so 
used is negligible as compared with total amount 
of flyash produced in any one year. There will be 
many more ways to use flyash in the future. As 
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Sintering process shows promise 


Designed to burn materials with 95% ash content, 

the plant that produced items, photos, right, is the 

only one of its kind in the world today. Flyash, or 

even less finely divided materials, burn at sustained A ; 

temperatures up to 2000 F, are converted to light- 

weight aggregate. More such plants are in the off- eR ih 

ing, may be operating on a commercial scale across > 
the country within the next decade. In addition to pm 

digging our steam plants out from under the an- 

nual deluge of flyash, these sintering plants will Buliding Mock fom 
gulp down the vast ever-growing colliery refuse 
dumps, turn their up-to-25% coal content into heat 
energy and useful materials for other industries. 


New profits for steam plants 


Pulverized-coal-fired boilers, the biggest producers 
of flyash, will place their operators in a position 
to slash burdensome costs of coal-handling and 
firing. Smaller plants will sell flyash to eager- 
customer processing plants. Large industrial steam 
plants and central stations will develop schemes in 
which their own sintering plants, built adjacent to 
the steam plant, will drain off flyash. In addition 
to producing marketable materials, the sintering 
plant will generate steam to supply part of the sta- 
tion’s auxiliary steam, or to sell to near-by indus- 
trial plants for space heating or process use. Mar- 
kets other than building materials will flourish, add 
to the increasing demand for flyash processed to 
meet specific needs, examples, right. 


Pellets will have many uses 


Slag and clay bricks and shapes 
Bituminous mix fillers 

Road-base choking material 
Substitute in sand blasting 
Fillers in roofing and putty 

Mild abrasive for metal polishing 


these uses are developed, plants will be careful to 
insure quality production of this new raw material. 
There will be an increased tendency toward em- 
phasis on proper firing conditions to produce ash 
of the desired characteristics. A push will be on for 
suitable dry unloading systems to yield flyash in a 
form acceptable for byproduct application. 

Major interest is centered on experiments now 
underway to develop methods of sintering flyash, 
see box, above. Potential here is high, both for a 
real solution to the flyash disposal problem and 
for production of a lightweight building material 
that will compare favorably with any now on the 
market. It’s quite possible that demand for top- 
quality flyash may eventually exceed the supply. 

Several offshoots from the sintering process look 
like naturals. Subject to amount of carbon content 
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of the flyash, a considerable amount of heat may 
be generated in the sintering process. This can be 
either fed back to the furnaces or—and this looks 
like a good bet—it can be sold as steam to close-by 
industrial plants. 

Another possibility is the recovery of iron from 
flyash. Here again, we'll have a problem converted 
to an opportunity. Big disadvantage of certain 
types of flyash is that they contain varying amounts 
of iron, In an aggregate produced from the flyash, 
this iron would rust, make the aggregate unfit for 
some uses. With an upcoming method using mag- 
netic separation for very fine particles, iron recovery 
may be an economical and commercial possibility. 
Too, the day may not be far off when we'll see 
germanium and other valuable elements extracted 
from the flyash that plagues us today. 
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For stoker firing, these new designs offer wide fuel flexibility 


Furnace - design and firing- 
methods advances will bring 


fuel economy to a new high 


Type of firing equipment and design of cavity in 
which fuel will be burned in tomorrow’s steam- 
generating plant will be governed, as is the case 
today, by the prime factor—economics. However, 
higher return on boiler investment is certain. 
Greater combustion efficiency, through better 
materials and automation, will combine to bring 
steam cost to a new low—despite downgraded fuels. 
For stoker firing, vibrating or oscillating grate 
types, drawings, above, will attract increasing at- 
tention. With or without water-cooled grates, they 
will offer wide fuel flexibility, including the ability 
to burn low-grade coals and waste fuels at the 
same time. Bin or spreader-fed designs, with grav- 
ity-type cinder reinjection to reduce need for ex- 
tensive dust-collection equipment, are likely to be 
suitable for boilers up to 100,000 to 150,000-lb-per- 
hr capacity, with some proponents of these stokers 
seeing them going as high as 250,000 lb per hr. 
Somewhere in the lower capacity range, vibrating 
or oscillating grates probably will run neck-and- 
neck with chain or traveling gates. The latter will 


gradually draw ahead as boiler capacity climbs 
toward the 200,000-lb-per-hr mark. Above capaci- 
ties of, say 100,000 lb per hr, pulverized coal offers 
a challenge to both types. Since stokers need hori- 
zontal room as boiler size increases—while pul- 
verized systems can grow vertically—they become 
ponderous and usually can’t compete economically 
as boiler capacity goes substantially beyond 500,000 
lb per hr. 

Pulverized firing and systems closely akin to it 
seem likely to be the choice for steam generation 
in the higher pressure and temperature ranges. Fur- 
nace design, burner location and method of op- 
eration will accent fuel-air relative motion to 
achieve high degrees of so-called “turbulence” in 
the furnace. Drawings, facing page, show some ex- 
amples of present trends. Design at top literally 
bridges the division between fuel-bed and suspen- 
sion firing. Crushed coal burns with cyclonic fury 
in a cylindrical combustion chamber whose wall 
is deliberately liquid-slag coated to trap particles 
not burned in suspension and hold them until 
they’re consumed. Excess molten slag is tapped 
off. This design’s ability to burn poorer-grade coals 
(or liquid, gas and waste fuels, if desired) and hold 
flyash to low limits, offers attractive possibilities 
for upping the steam plant’s fuel economy. 

Center drawing illustrates another highly effi- 
cient firing method that'll continue to influence 
high-capacity steam-generator furnace design. 
Burners in each of the furnace’s four corners direct 
a stream of pulverized coal and air tangent to an 
imaginary circle at the center of the furnace. The 
relatively short flame impinges on the tail of the 
next, spreads flame body throughout the furnace. 
The pattern produces intensive turbulence, fast 
combustion and high liberation rates. 

Bottom drawing again reflects designers’ thinking 
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in terms of high performance, reduced operatng 
cost and low stack emission that will be demanded 
of tomorrow’s boilers. Here, directional-flame burn- 
ers produce high turbulence through impinge- 
ment on each other and on furnace bottom. Fly- 
ash is reinjected, its combustible burned and vir- 
tually all residue trapped by a molten ash pool in 
the furnace bottom. 

A recent burner design, not shown, employing 
an internally-baffled conical body, will give uniform 
pulverized-coal distribution regardless of inlet con- 
ditions and improve flame shape, stability, range. 


Furnace size 

Factors on which successful combustion depends— 
temperature, time, turbulence—won’t change in a 
thousand years. And in furnace design, combustion 
time equals distance. Acutely aware that the cathe- 
dral-high single furnace under today’s gigantic 
steam generator is fast approaching the practicable 
limit, designers of tomorrow’s units are apt to 
think more and more in terms of twin, triple and 
even quadruple furnaces in horizontal series. It ll 
mean more plant area, but size, economic limits of 
bigger vertical units may leave little choice. 


Dry-ash or slag-tap furnace? 

Since about 85% of the ash originally in the coal 
may escape toward the stack from a dry-ash fur- 
nace, as opposed to about 50% from a slag-tap 
unit, the odds would seem to favor the latter for 
firing pulverized coal. However, aside from less 
flyash, some important long-term economic fac- 
tors will continue to govern choice of furnace type. 
Examples: (1) coal characteristics (ash-fusion tem- 
perature and viscosity) (2) whether such coal will 
be available for the life of the equipment. In 
general, though, there’s agreement that where pos- 


sible slag-tap will get the nod. (plan 


Soot blowers 

Higher and higher heat release rates, ever-widening 
tube banks and viscous ash combine to test the 
soot blower’s mettle. A work horse in the effort 
to get maximum transfer through clean heat ab- 
sorption surfaces, and doing a good job under 
today’s severe conditions, tomorrow’s soot blower 
will be even more efficient. Features: Completely 
automatic operation, adjustable pressure control, 
cleaning patterns that'll give higher flow rate with 
less pressure drop, less maintenance. 


Higher fuel economy? 

As coal firing strives for the simplicity of oil and 
gas firing, so do the latter strive to boost their 
fuel economy, on a Btu basis, to match coal. Co- 
operative research between liquid and gas fuel 
people and boiler-burner designers grows apace. 
With accent on producing top efficiency, fuel-air 
ratios and heat absorption surface will take even a Directional — opposed 
fuller advantage of flame and gas travel pattern. es 

Interlocking automatic controls will mean even- 

greater operational ease and safety. 
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Furnace pressure: moving to new high 


Tomorrow’s steam generators will shift from bal- 
anced draft systems, /eft, to increased use of pres- 
surized furnaces, center, as boilers get bigger and 


push balanced-draft fan sizes to prohibitive limits. 
Moving strongly into the picture is the super- 
charged unit, right, a gas turbine-boiler hookup 


Draft systems, boiler and 
fan sizes may face radical 
changes in race for ever-high- 


er plant economies 


The pressurized furnace, in use for some time 
with oil and gas-fired steam generators, will grow 
in popularity for use in coal-burning units. Cen- 
tral stations are taking the lead and the trend will 
spread to the larger and medium-sized industrial 
steam plants. This furnace brings with it problems 
of maintaining a gas-tight setting and ash-removal 
system, but these are being met by development 
of all-welded inner-casing designs and ingenious 
air-lock-type systems for ash. 

Advantages, however, far outweigh disadvan- 
tages. Operation will be simplified because it won’t 


be necessary to hold a balance between f-d and i-d 
fans. Substantial savings (even with cost of air- 
tight casing) should result from (1) reduction of 
required total fan power, (since the f-d fan will do 
the whole job with a lesser volume of relatively cool 
air), and (2) elimination of the i-d fan and mainte- 
nance needs stemming from handling hot, often 
erosive and corrosive gases. Since higher air pres- 
sures mean higher speeds, the f-d fan will be physi- 
cally smaller. 

For boiler sizes above 500,000 lb per hr, fan- 
drive choice could be either motors for multiple 
fans, if smaller-size units are desirable, or turbines 
for single fans. External silencers are in the offing 
for high-pressure coal-burning boilers in answer 
to the growing awareness of the fan noise problem. 
In the race for higher efficiencies, fan-blade de- 
sign appears to favor the airfoil, which may give 
efficiencies up to 92%. Inlet vane control, and 
variable speed through hydraulic coupling, appear 
to be standard for tomorrow’s f-d fan. 

Considerable interest is building around the 
“supercharged” cycle, any one of a number of 
possible combinations of boiler and gas turbine, 
in which furnace pressures may reach five atmos- 
pheres and beyond. Suitable for use in large or 
smail steam plants, the cycle is seen by many as a 
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Trend is to flue-gas recirculation 


Today’s high-operating pressures are forcing 
thicker tubes and alloy steels to compensate for 
drop-off in allowable unit stress as temperature 
goes up. Unfortunately, the thicker tubes mean 
a higher-temperature gradient across the tube 
wall and this is compounded by the lower ther- 
mal conductivity of the high-grade alloys. Re- 
sult: higher steam temperatures and pressures 
and higher-grade alloys have a tendency to 
pyramid tube-wall metal temperature. Since 
economics draw the line in use of still-higher- 
strength alloys, flue-gas recirculation is coming 
into prominence as an alternate means of con- 
trolling gas temperatures. 

To the recirculating-fan manufacturer, it will 
mean designing for high-temperature ash- 
loaded gas. To the boiler operator, it will 
mean more investment in auxiliary equipment; 
but from an economic standpoint, it will be the 
lesser of two evils. Gas recirculation holds gas 
temperatures at superheater and reheater to a 
satisfactory level, supplies necessary heat due 
to a greater weight of lower temperature gas. 


logical and promising means to smaller physical 
size boilers, with no capacity sacrifice, yielding 
efficiencies and economies beyond reach of con- 
ventional units. Present cycle designs, still in the 
development stage, are for gas and oil firing. How- 
ever, the outlook is promising for eventual design 
of units suitable for pulverized-coal firing. 


Solar-furnace boilers? 


Man’s dream of putting sunlight to work 
is as old as history and, in today’s power- 
gluttonous world, possibility of economically 
converting energy directly from the sun (in- 
stead of the round-about methods we use 
now) is becoming more and more tantaliz- 
ing. Today’s experimental solar furnaces— 
parabolic-reflector type—produce tempera- 
tures up to 3500 C. Top men in the field see 
no physical limitation to building of bigger, 


Air heaters 
Consensus is that, while no radical design changes 
are upcoming, the combination of improved 
materials, easier cleaning methods and less need : ; 

more efficient solar furnaces ranging up to 
for maintenance will increase the air heater’s con- * 4500 C 
tribution to overall plant economy. Depending se These 


experts agree that widespread 
upon permissible ductwork to and from the air 


economical use of direct solar power still 


heater, the rotary regenerative type probably will 
continue to be the choice in most installations. 


Combustion controls 

Today’s combinations of pneumatic, mechanica}, 
electric and electronic controls are moving even 
farther toward more complex faster-operating com- 
bustion-control systems for tomorrow’s boilers. 
Even-better sensing elements will be tied in with 
tomorrow's controls and tailored to the individual 
plant. Supervision of these systems will take a 
high degree of human skill and judgment. 
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seems far away for certain specific uses, still 
farther away for application to steam gen- 
eration. However, tomorrow’s steam-generator 
design will benefit from today’s experience 
with solar furnaces in field of high-tempera- 
ture materials (metals, refractories) research. 
The solar furnace’s unique advantage is in 
its “pure heat”—no combustion products or 
vapors of refractories and heating elements 
to contaminate the test material. It avoids 
ionization, radiation problems met in using 
the heat of nuclear energy and truly reveals 
high-temperature behavior of materials. 
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Forced or natural circulation? 


General agreement among topnotch boiler 60 
design engineers is that (1) the bulk of to- 
morrow’s steam generators will operate at 
subcritical pressures (2) most of these will 
employ natural circulation. Since density 
difference available to cause flow still exists 
well up toward the critical pressure, curve, 
right, many of these men feel that pumps for 
forced circulation are an unnecessary expense 
until pressures closely shave 3206 psi. They 
point out that ways of producing either nat- 
ural or forced circulation haven’t much bear- 
ing on heat-absorbing surface effectiveness. 
It’s recognized that any means of increas- 
ing circulation rate gives higher heat absorp- 
tion rate and should be used if warranted. 
There’s agreement, too, that natural cir- 
culation design for these high pressures o 5 10 15 20 25 30 35 
won't be done casually. Steam-free water, to Pressure 100 Ib psig 
provide maximum head for natural circula- 
tion, will continue to depend heavily on crack 


: NATURAL CIRCULATION is possible at high pressures be- 
performanc e of steam baie arators designed to cause of still-wide density differential near the critical 
give practically no resistance to flow. 
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Steam generation 


Our ever-growing demand for more electrical 
power is putting still-higher-kw turbine-generators 
on the drawing boards. To satisfy these monsters’ 
insatiable appetite for steam, boiler generating ca- 
pacity is reaching incredible figures. Units capable 
of almost 3 million lb per hr are now being readied 


Structural steel strength is for service—others will top this within a decade. 

| Too, the constant effort to up overall plant heat 

only limit to boiler’s size. rates and minimize cost of electricity is pushing 

| steam pressures and temperatures to higher and 
Metallurgy is key to pres- 


All this is cause for wonder about the steam 
generator of tomorrow. How big can it get? How 
high can pressures and temperatures go? 

From the standpoint of size, leading boiler de- 
signers say that strength of structural steel will be 
the only limiting factor. So long as beams and 
columns can take the furnace-span load, the boiler 
will tower ever-higher into the blue. 

The pressure-temperature rise, however, appears 
to have reached a plateau beyond which boiler de- 
signers are moving with caution. Reasens: First, 
the economic law of diminishing returns begins to 


sure-temperature rise 
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Tomorrow’s feedwater treatment path 


From the smallish industrial steam plant to the giant 
central station, there’s a continuing drive toward 
higher quality feedwater. Today’s yardsticks of water 
purity will be further refined as steam plants of all 
sizes move constantly into higher pressure and tem- 
perature ranges. Mandatory as feedwater quality is 
for successful high-pressure operation today, it be- 


comes more imperative as the possibility of nuclear-. 


fueled steam generation for both power and process 
looms higher on the horizon. 

Feedwater experts agree that many of the reasons 
for corrosion and scale deposition phenomena aren't 
known, or fully understood. But, fortunately, enough 
is known to make practical control possible. One ex- 
ample, iron-oxide deposits on the waterside surfaces 
of high-pressure boilers is a major operating problem 
confronting steam plants today. It’s an insidious one 
because it usually doesn’t reveal itself until tube failure 
occurs. There’s little basic information available on 
iron-oxide deposits other than that they come from 
iron pick-up in the pre-boiler cycle and in the boiler 
itself. Even so, upcoming control prescriptions will 


rear its head and, second, it’s felt that there’s need 
for more knowledge about behavior of metals from 
1050 to 1200 F at critical and supercritical steam 
pressures. The general feeling is that temperatures 
will not go much beyond 1050 F in the near future 
with presently available materials. Pressurewise, 
the figure can go (at 1050 F) to about 6000 psi— 
provided it can be economically justified. Consider- 
able interest centers around new units designed 
for 4500 psi, 1150-1050 F, and 5000 psi, 1200- 
1050 F respectively. Performance data, when re- 
leased, will add much needed answers to present 
unknowns about operation at these levels. 

What about metallurgical research? What’s the 
possibility of uncovering new alloys that would 
open the door to safe, economical operation at 
much higher temperatures? One authority says 
flatly that it could happen tomorrow. A few others 
agree, though with some reservation about the sud- 
denness. By and large, however, the consensus is 
that metallurgists, working with known materials, 
will eventually give the green light to higher oper- 
ating temperatures—and on an economically feas- 
ible basis. 

Don’t look for general use of liquid-metal heat 
exchangers as a solution to high temperature at 
low pressure. In a few specific cases, yes, but for 
steam plants, the apparent advantages are out- 
weighed by serious drawbacks. Examples: (1) 
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suppress this sneak attack in tomorrow's h-p boilers. 

Though not as stringent in demand for feedwater 
quality as today’s central station boiler, the industrial 
plant steam generator, including the self-contained 
packaged unit, is demanding closer attention to this 
phase of operation. Smaller tube diameters, higher 
ratings and, in some cases, difficulty of adequate 
waterside inspection combine to stress the importance 
of control of corrosion and scale deposits. The once- 
popular conception—particularly true in the smaller 
plant—that one treatment method was suitable for all 
boilers of the same “type” has gone down the drain. 

Purveyors of “gadgets,” cureall “panaceas” and 
other forms of pseudo water treatment will find it 
harder to peddle their wares. Tomorrow’s industrial 
steam plant operator will solve his feedwater problems 
by further utilizing the services of capable profes- 
sional water-treatment people. 

Definite trend toward completely automatic control 
of treatment processes will continue. Instrumentation 
will gradually take over, even in small plants, reducing 


the human role to one of skilled observer. 


significant heat loss in exchanger stages (2) most 
of presently available media are highly corrosive 
(3) some media are unstable at 850-900 F (4) 
they would involve dangerous handling problems 
beyond those of high-temperature steam. 


Superheater design 

There is a continuing swing to radiant-type super- 
heater and reheater surface. Design development 
will push for an even higher degree of performance 
advantages and operational reliability. Boiler start- 
up time can be further reduced and, importantly, 
coal-fired furnaces may be sized consistent with 
ash-softening temperature independently of cycle 
requirements. Result: high steam temperatures over 
wide load ranges. Furnace deslaggers and flue-gas 
recirculation (mentioned previously), working in 
conjunction with desuperheating devices, will give 
desired close control of final steam temperature. 


Feedwater heaters 

In tomorrow’s feedwater heater design, accent will 
be on corrosion-resistant materials, welding tech- 
niques (since trend is to heaters located on the feed 
pump’s discharge side), and unit size. Pursuing the 
perfect cycle with its infinite number of heaters, 
engineers will seek further ways and means of using 
more of them. Probable maximum number of heat- 
ers that can be fitted into tomorrow’s plant: 10. 
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Greater precision is the trend 
in boiler fabrication, plant 
operation, maintenance and 


inspection fields 


Fusion welding has revolutionized the art of steam- 
generator fabrication, Beginning with simple pro- 
cedures employing manual arc process, the art of 
welding has made prodigious strides in a relatively 
few years. In today’s boiler shop, intricately con- 
trolled automatic-welding machines operate under 
close supervision of highly trained personnel. For 
necessary manual welding, power-operated position- 
ers hold or rotate the workpiece to permit down- 
hand welding. Both machine and manual welding 
operations follow scientifically devised and rigidly 
controlled procedures which have proved themselves 
through exhaustive tests. 

Throughout, the accent is on quality. Inspection 
and test methods are numerous—radiographic, 
magnetic particle, fluorescent dye and hydrostatic 
tests are the order of the day. Designers and metal- 
lurgists work hand-in-hand to improve existing ma- 
terials and methods and to develop new ones. The 
latter effort is spurred by the knowledge that many 
of today’s methods must be upgraded for fabrica- 
tion of nuclear reactors for tomorrow’s steam plant. 
The problems involved in coupling precision, huge 
size and cleanliness are indicated by one engineer 
who said “We'll be building 150-ton watches.” 

Since precision techniques employed in the shop 
can’t be extended to include field erection, the 
practice of prefabrication is becoming increasingly 
important. Limited in size only by available trans- 
port, assemblies and subassemblies will play a big 
part in building tomorrow’s boilers. They'll further 
reduce the number of sensitive field welds and will 
cut erection time and costs. 

No commentary on boiler fabrication would be 
complete without mention of the ASME Power 
Boiler Code’s main and subcommittees. Instituted 
in 1911 with the safety of boiler and pressure-vessel 
users as the paramount objective, this body is chief- 
ly responsible for the high standards of quality 


Bright future seen for packaged 
watertube and firetube units 


The definition of a packaged boiler is the subject 
of some controversy. Firetube-boiler people feel 
that, to truly comply with the definition, it must 
be a unit that can be moved into a plant in one 
piece and put in service simply by making water, 
fuel, electrical and steam connections. Watertube- 
boiler manufacturers demur, say their units, even 
though delivered in several sections requiring as- 
sembly, are packaged since they involve little or 
no setting or erection procedures common to field 
erected watertube boilers. 

Regardless, both firetube and watertube boilers 
in this class will continue to fill the need for a 
compact highly-efficient steam-generating unit for 
years to come. Some minor variations will occur 
in design as their manufacturers push for ever- 
lower cost per lb of steam generated; but tomor- 
row’s packaged boiler will be little changed. From 
a size standpoint, upper limit for the firetube type 
will probably level off at about 20,000-lb-per-hr 
capacity at 250 psi. As pressures go beyond this 
level, necessary shell thickness becomes econom- 
ically undesirable. At present, no firetube designs 
are considered for other than oil and gas firing. 
However, it’s admitted that a wide price differential 
in favor of coal would be a strong incentive to 
design a coal-burning unit. 

Size limitation of watertube packaged boilers 
lies mainly in transport difficulties, particularly 
railroad clearances. Some success in overcoming 
this stems from shipping components separately for 
assembly at the purchaser’s plant. Proponents of 
the scheme see units having as high as 75,000-lb 
per-hr capacity being handled in this manner. De- 
sign is principally for oil and gas firing, though 
a definite trend is shaping up to produce watertube 
packaged boilers that will burn all three fuels. 

All packaged-boiler designs are developing a 
high degree of automatic controls and interlocks 
that will cut operational supervision to a minimum. 


represented by today’s steam generator. Committee 
members are executives of boiler, pressure vessel 
and associated manufacturing companies, and serve 
without thought of monetary reward. As they have 
in the past, these committees will continue to evalu- 
ate the materials and the methods and set the stand- 
ards by which tomorrow’s boilers will be designed 
and built. They will, with the same purpose, be the 
chief instruments in providing fabrication stand- 
ards for the nuclear-powered plant of the future. 


Maintenance 
While manufacturers of steam generators and aux- 


iliaries leave no stone unturned in building low- 
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Boiler valves and fittings: 
Need for new standards? 


As designers of basic boiler units lay increasing 
stress on performance and lowered maintenance 
needs, these criteria are being matched stride-for- 
stride by the people who supply the boiler’s auxil- 
iary fittings. Valves—safety, drain, check, stop, 
blowoff, etc-—water columns, feedwater regulators 
and level indicators are being continually improved 
as a result of extensive research programs. 

Research is of special significance to the valve 
people because of problems involved in very high 
temperature and pressure operation. Until mate- 
rials can be developed that will stand the higher 
stresses at elevated temperatures, valves (and pip- 
ing) must necessarily be constructed with extremely 
heavy wall thicknesses. This, in turn, encourages 
use of smaller internal diameters which mean 
higher velocity flow conditions. 

To the valve designer, it means putting increased 
emphasis on improvement in the flow passages, 
particularly of the globe valve type. Such designs 
are in the mill, They will improve flow character- 
istics and have low-maintenance features. 

Another problem involves existing standards. 
Example: A 2500-lb standard valve cannot be used 
for superheater drain service on a boiler having a 
2700-psi drum pressure rating, even though pres- 
sure is less than 2500 psi at the valve’s point of use 
during normal boiler operation. Since there is no 
standard schedule for valves beyond 2500 psi, a 
special valve must be constructed for 2700 psi. 

Keenly aware of the problem, the ASA’s Sec- 


Outdoor steam plants? 


Prominent consulting engineers feel that 
outdoor construction, or any variation 
of it, is still a matter of individual 
choice. They see no strong move toward 
such construction, and some engineers 
express doubt that worthwhile savings 
are involved. 

These men unanimously agree that if 
an outdoor installation is considered, 
the equipment should be specifically de- 
signed for it, instead of trying to adapt 
conventional units to outdoor service. 


tional Committee B-16 is studying the situation. 
When all the facts are in, it’s quite likely that 
present schedules will be upped to a practicable 
pressure-temperature level. 

In water level indicators, there’s a definite trend 
toward the compensated manometric remote type. 
(See ASME Code Case Interpretation No. 1155.) 
Users feel these indicators will give reliable per- 
formance, reduce water column maintenance. 


maintenance factors into their units, they realize 
the importance of preventive-maintenance down- 
time. Consequently, their designs incorporate every 
possible means of facilitating inspection and servic- 
ing to cut unnecessary downtime to a minimum. 

Co-operating in this effort are boiler-insurance 
companies and other independent inspection agen- 
cies. Tomorrow’s boiler will see little of visual in- 
spection methods as we know them today, and the 
era of the boiler inspector’s little hammer is fast 
drawing to a close. Tomorrow’s inspection proce- 
dures will be highly-refined developments of today’s 
trends toward ultrasonic, electronic and radio- 
graphic nondestructive testing. Obvious surface 
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defects won't require these instruments, but a sur- 
face subject to uniform wasting at an imperceptible 
rate will give up its insidious secret quickly. The 
detective will be an instrument that measures thick- 
ness in terms of resonant frequency and is calibrated 
to show results in decimal fractions. 

X-ray and gamma-ray inspection techniques will 
probe large areas of tube banks, drum surface, 
valves, piping and other component parts to a de- 
gree not thought possible today. Fluorescent and 
radioactive dye penetrants and tracers will show 
up other microscopic, but potentially dangerous 
flaws in tomorrow’s high-pressure high-temperature 
boilers and nuclear reactors. 


Operating personnel 

Majority of the men who will be on watch in to- 
morrow’s steam-generating plant will not necessar- 
ily be degree engineers, but they will be highly- 
skilled technicians. The increasing complexity of 
the equipment and its controls will take operation 
almost completely out of human hands. Many of 
the larger plants will have comprehensive educa- 
tional and training programs which will fit men 
for their particular needs. But as progress filters 
down to the smaller plants, there will be a great 
need for men who are capable of supplying the 
know-how needed for supervision of automatic-con- 
trol systems and associated plant equipment. 
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HOMOGENEOUS REACTOR circulates fluid bearing fuel be- 
tween reactor and boiler. Critical mass in reactor heats fluid 


Nuclear reactors loom as a 
major producer of heat in 


the not-too-distant future 


Unlocking the energy bound in the nucleus of the 
uranium atom has postponed the day of fossil-fuel 
exhaustion. The nuclear reactor has one prime 
function, producing heat by fissioning uranium 
atoms. The heat, as in conventional plants, evapo- 
rates water for driving steam turbines. 

Reactor designs use three basic ideas: (1) direct 
boiling (2) circulating coolant (3) circulating 
fuel. The water also acts as a moderator in the 


and boiler. Coolant also acts as moderator in natural or slightly enriched core © steam in water-moderated enriched core 


boiling-water reactor. Part of the water evaporates 
in passing through the core and steam flows to the 
turbine. Water circulates through the core passages 
by convection, Only enough feedwater enters to 
replace the steam leaving. The steam carries a 
minor amount of short-lived radioactivity. 

Reactors using circulating coolants between core 
and boiler avoid making the steam radioactive. 
Coolants, in service and proposed, include pres- 
surized water, organic fluids, liquid metals and gas. 
First two coolants also act as moderators; for the 
latter two a separate moderator, like graphite, may 
be used or they may serve a fast reactor needing 
no moderator. With liquid-metal coolants two loops 
are used with an intermediate heat exchanger, 
since the first-loop metal becomes highly radioactive 
in the reactor core. 

First two reactor types use fuel rods of solid 
metal or oxides of uranium. These must be rear- 
ranged or replaced as they “burn up.” To eliminate 
reactor shutdown for refueling, the circulating- 
fuel reactor (homogeneous) is being developed. A 
fluid carrying finely divided uranium compounds 
in solution or as a slurry circulates through a re- 
actor vessel large enough to hold a critical mass of 
uranium. Fissioning uranium heats the compound 
fluid which flows from the reactor to the boiler to 
generate steam. Continuous removal of fission 
products and addition of fresh fuel give this type 
reactor a valuable advantage. 

Over 20 types of full-scale reactor plants will be 
built in U.S.A. Britain is developing the gas-cooled 
reactor for its peculiar needs. 

Many problems must be solved to make nuclear 
plants economical. Fuel fabrication costs must be 
cut drastically. New materials must be developed. 
Reprocessing of radioactive spent fuel elements of- 
fers the biggest challenge to economy. Disposal of 
radioactive wastes must be realistically appraised— 
though a ray of hope arises that these materials 
may prove to be valuable byproducts instead of 
lethal wastes. Time favors the ultimate success of 
the nuclear power plant. 
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pens generator design and heat engineering are 
virtually synonymous. The problem is basically 
one of generating heat and transferring it to water 
and water vapor to produce a dependable and abun- 
dant source of steam at the desired temperature and 
pressure. To do this most efficiently and economi- 
cally calls for heat engineering of the highest order. 

With over 50 years of world-wide experience in 
this specialized field, Foster Wheeler is exception- 
ally well equipped to meet the most exacting re- 
quirements of. the modern, high pressure steam 
generating plant. Starting with the commercial 
introduction of superheated steam in the United 


HEAT ENGINEERING 
for MAJOR STEAM GENERATING and 


States in 1902, Foster Wheeler has pioneered and 
developed many major advances in steam generator 
design, including convection and radiant super- 
heaters, air preheaters, high-pressure economizers, 
twin furnace construction, dual circulation and im- 
proved drum internals for high steam purity. And 
heat engineering by Foster Wheeler is continually 
researching and exploring new concepts of design 
to anticipate the needs and solve the problems of 
steam generating plants of the future. For informa- 
tion on equipment to meet your specific require- 
ments, write to Foster Wheeler Corporation, 165 
Broadway, New York 6, N.Y. 


PULVERIZED FUEL was first developed on a commercially 
successful scale by Foster Wheeler in 1898. Today, FW 
ball mill pulverized fuel systems have a total installed 
capacity of more than 12 million pounds of coal per hour. 
The FW ball mill offers the proved advantages of constant 
fineness, high availability, large reserve capacity and abil- 
ity to handle hard and abrasive fuels. 

The new planetary roll and table pulverizer, introduced 
in 1956, supplements the FW line with a compact and 
highly efficient unit that is very economical and easy to 
maintain. 


SUPERHEATERS of the con- 
vection and radiant type, 
used singly or in combina- 
tion, provide constant super- 
heat and accurate control of 
final temperature over a 
wide load range. The first 
radiant superheater was in- 
stalled by FW in 1917 and 
since that time, approxi- 
mately one thousand units 
have been put in service, 


ECONOMIZERS. The 
extended surface, cast- 
iron-covered economiz- 
er, developed by Foster 
Wheeler, assures maxi- 
mum heat transfer 
from boiler exit gases 
to boiler feedwater. The 
FW design has proved 
to be highly corrosion 
resistant, impervious to 
soot fires and easily 
cleaned. 


WHEELER 


NEW YORK LONDON 


PARIS ¢ ST. CATHARINES, ONT. 
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sets the highest standards 


PULVERIZING EQUIPMENT 


DUAL CIRCULATION was introduced by Foster 
Wheeler in 1946, providing the first practical solu- 
tion to the problem of providing high purity steam 
at pressures above 600 psi from feedwater contain- 
ing relatively high silica. This is achieved by divid- 
ing the steam generator into two separate sections 
—a high heat absorption primary and a low heat 
absorption secondary section. Blowdown from the 
primary is fed into the secondary section, from 
which steam is delivered to the separating equip- 
ment and condensed by incoming feedwater. Hence 
the primary section, where virtually all of the out- 
put steam is generated, is maintained at a very low 
concentration of impurities. This sharply reduces 
silica carryover and total dissolved solids in the 
steam. 


REHEAT. The reheat cycle, also pioneered by Foster 
Wheeler, has resulted in important fuel savings and 
increased operating efficiency for large central sta- 
tion and industrial steam generators. The list of 
major FW reheat projects includes a unit capable 
of producing 2,000,000 lb/hr to serve a 300,000 
kw turbine generator. 


This Foster Wheeler unit, placed in operation in 1955, 
is the first dual circulation, reheat steam generator 
ever built with a capacity of more than 1,000,000 Ib/hr. 


Gas 10 Stace 


development, announced by Foster Wheeler in 1956 
and still under investigation and test. It offers the ad- 
vantages of high overall economy, drastic reduction in 
size and weight, short startup time, quick load response 
and shop-assembled construction. High pressure dis- 
charge gases from the furnace are used to drive the 
combustion air compressor and an auxiliary generator 
which can supply up to 15% of total plant output. 
Further details are available on request. 


AUKILIART 
GENERATOR 
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PACKAGED STEAM GENERATORS of the water-tube type were in- 
troduced by Foster Wheeler in 1940 — combining in a single, compact, 
shop-assembled unit, all the necessary facilities for the dependable 
and economical generation of industrial steam, Continual research 
and development have resulted in further improvements in design 
and construction, and today the FW line of Packaged Steam Genera- 
tors, in capacities from 10,000 to 60,000 lb/hr, represents the last 


word in modern steam plant de- 
sign, reflecting over half a cen- 
tury of service to the power 
generation industry. Features 
include 36” steam drum and 
24” water drum, staggered 
boiler tubes, closely spaced 
waterwall tubes, water-cooled 
target wall, and wide choice of 
burners and controls. 


Cutaway view of typical 
FW Standard Steam Generator 


Above: Two FW packaged 
boilers — the first ever of- 
fered to industry — were 
installed for oil field drilling 
Operations in 1940. They 
are still in service, deliver- 
ing low-cost steam. 


Left: New Foster Wheeler 
series AG-100 Packaged 
Steam Generator. 


STANDARD PRE-ENGINEERED UNITS by Foster Wheeler offer 
all the advantages and economies of standardization for larger 
industrial! steam generators of from 50,000 lb/hr to 450,000 
lb/hr capacity. The new FW line of “SC” and “SD” standard 
units is heat engineered to the same standards of dependability 
and performance which have made Foster Wheeler steam genera- 
tors first choice in many of the leading central station plants 
throughout the country. Features include completely water cooled 
walls, efficient firing arrangement, fully drainable superheater, 
high steam purity, unrestricted circulation, pressure-tight con- 
struction and minimum refractory baffling. For further details, 
send for Bulletin B-55-4. 


WHEELER 


NEW YORK 


LONDON 
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31 ,000,000 Kw of Generator Capacity 
is assured of top efficiency with CONDENSERS 


HEAT ENGINEERED by FW 


The heat engineering of a surface condenser involves essentially the 
same problems as that of a steam generator — but applied in reverse. 
Heat must be removed from the exhaust steam as quickly and efficiently 
as possible with minimum pressure drop and maximum condensate 
temperature. Foster Wheeler’s specialized know-how in heat engi- 
neering has been applied to advantage in the continual improvement 
of condenser designs for higher efficiencies and greater economies of 
installation and operation. 

Today Foster Wheeler has installed or 
is building steam surface condensers for 
31,000,000 kw of generator capacity — 
including 115 turbo-generators of 100,- 
000 kw capacity or larger, with a total 
output capability of over 16,000,000 kw. 
This number of large FW units is an 
indication of their outstanding accept- 
ance by the power industry. And the 
high percentage of repeat orders reflects 
the dependability and long-term economy 
of Foster Wheeler condensers as demon- 
strated by on-the-job performance in 
leading power plants from coast to 
coast. 


di Cutaway sectional drawing of a typical 
Foster Wheeler double-flow, two-pass condenser. 


Above: Installation of the first 
FW single-pass, double-flow con- 
denser which cut overall volume 
by 60%, and reduced headroom 
requirements by 40%, compared 
to previous designs. 


Left: One of two FW 70,000 sq 
ft side-turbine-exhaust units serv- 
ing a 145,000 kw turbo generator. 
This unique design permitted a 
basement-to-turbine-floor height 
of only 15 feet. 


FOSTER 


NEW YORK LONDON PARIS 


POWER * SEPTEMBER 1957 * 75TH ANNIVERSARY 


ST. CATHARINES, ONT. 


} / 


HEAT ENGINEERING 1, FW 


now brings you FEEDWATER HEATERS 
of All-Welded Design 


Chait. at high temperature and pressure, 
and subject to severe thermal shocks, feedwater 
heaters have long presented a major design 
problem in the effective prevention of leakage. 
Heat engineering by Foster Wheeler pioneered 
an early solution to this problem, with the de- 
velopment of the now famous “Lockhead” joint, 
which relieved the gasket of operating pressures 
and greatly extended the size and pressure range 
of feedwater units. 


Two years ago, Foster Wheeler pioneered 
with the development of the first all-welded 
feedwater heater design, in which all gasketed 
joints are entirely eliminated. In this “bottle- 
tight” design, the shell-to-adapter joints, tube- 
to-tubesheet joints and the closure are all 
welded. Because there are no gaskets or bolted 
or rolled pressure joints anywhere in the heater, 
maintenance problems are virtually eliminated. 
Quicker start-ups are possible because there is 
no danger of leakage under severe 
thermal shocks. Each of the welds has 
been successfully field tested for at 
least six years on other equipment. by 
Eastern Power Station, consisting of 
For more information on the new an Mee — all-welded, 2000 psi high-pressure 
heater or the standard “Lockhead” line, mt) akg hge and copper-nickel tubes to carbon 


welded to a clad tube sheet by the 
165 Broadway, New York 6, N.Y. » inert gas tungsten shielded arc process. 


EVAPORATORS. The same Foster Wheeler engineer- 
ing experience and inventiveness that developed the 
“Lockhead” and all-welded designs in feedwater 
heaters has gone into the design and construction 
of FW evaporators. These are available in all sizes 
— engineered and constructed to produce pure vapor 
and to provide for thermal descaling where required. 
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For maximum dependability and long life, 
power plants specify COOLING TOWERS 


HEAT ENGINEERED by FW 


POWER 


Heat removal is the basic consideration of 
cooling tower design. And Foster Wheeler 
engineers — specialists in heat engineering — 
have been successfully solving difficult cooling 
tower problems for more than 55 years. 
Today, Foster Wheeler’s new line of in- 
duced draft, counter flow cooling towers has al- 
ready achieved wide acceptance throughout the 
power and process industries, with a total of 62 
units installed or on order in cooling capac- 


ities from 25,000,000 to 1,050,000,000 btu/hr. 

Pre-fabricated from Clear All Heart red- 
wood throughout, a series of standardized sizes 
assure rapid deliveries of cooling towers of 
modern design representing the last word in 
ease of installation, freedom from wood deteri- 
oration and long service life under all oper- 
ating conditions. For further details, send for 
Bulletin CT-57-1. Foster Wheeler Corporation, 
165 Broadway, New York 6, N. Y. 


FOSTER WHEELER 


LONDON  ¢ 


NEW YORK 


SEPTEMBER 1957 * 75TH ANNIVERSARY 


PARIS 


ST. CATHARINES, ONT. 


in 
| 
B* 67 


is pioneering tomorrow’s 
LOW-COST ATOMIC POWER 


ONVERTING heat from nuclear energy into electric 
& power is heat engineering’s newest and most 
challenging opportunity. From the very beginning, 
Foster Wheeler engineers have been engaged in de- 
velopment of the nuclear energy program — inte- 
grating over 50 years experience in heat-transfer 
equipment with nuclear engineering. 

Working in close cooperation with the Atomic 
Energy Commission, large utilities and industrial 
companies, Foster Wheeler has pioneered in the de- 
sign and development of nuclear reactors and major 
components for atomic power plants, FW nuclear 
equipment completed or under construction includes 
solid fuel tank-type research reactors, steam gener- 
ators and pressurizers for America’s first full-scale 
atomic power plant, steam generators for the first 
nuclear powered submarine, reactor vessel and steam 
generators for shipboard reactor prototype, equip- 
ment for test loops for liquid-metal fuel reactor sys- 
tems, and separately fired superheaters for the first 
atomic power plant to operate with superheated 


AQUEOUS HOMOGENEOUS BURNER REACTOR With this background, a large staff of highly 


trained personnel, and the most modern fabricating 
Designed for the low and intermediate power range, the Aqueous Homogeneous 


Nuclear Power Plant offered by Foster Wheeler has these unique advantages: (1) facilities in three large plants, Foster Wheeler is well 
inherent controlability and self regulation without the use of control rods, (2) mini- fitted to serve in the economical application of 
mum mechanical devices and moving parts, (3) continuous fuel addition and fission 

product removal, and (4) substantial savings in fuel processing costs. nuclear energy. 


PRESSURIZER. this 300 cu ft pressurizer, designed 
and built by Foster Wheeler for America’s first full-scale 
atomic power plant, will be used for initial raising of the 
coolant system pressure as well as to control pressure 
during operation. Designed for 2500 psig pressure at 675 F, 
it is 18 ft high and contains 342 electric immersion heaters. 


STEAM GENERATORS. the heat-exchange steam 
generator during final assembly at a Foster Wheeler Plant, 
is one of two identical units installed at America’s first 
commercial atomic power plant. Each unit will convert heat 
from the pressurized water reactor to 600 psia steam for 
driving the turbo generator. 


SEPARATELY FIRED SUPERHEATERS. Two oil-fired superheaters by Foster Wheeler will superheat satu- 
rated steam from a pressurized water reactor from 447F to 1000F, at a large Eastern atomic power plant. 
Each unit has a capacity of 1,075,000 Ib/hr at 410 psia. Addition of the superheat cycle raised plant capacity 
from 163,000 kw to 275,000 kw, reducing plant cost by about $95 per kw. 


FOSTER WHEELER 
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A modern Murray high A modern Murray MD fac- 
speed compressor drive turbine. tory assembled water tube boiler. 


M UJ RRAY IRON WORKS COMPANY 
BURLINGTON, IOWA 


Builders of Steam Power Equipment for Three Quarters of a Century 
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YARWAY 
SEATLESS 


Features balanced nitralloy 
hollow plunger that seals 
line drop-tight, yet permits 
free, unobstructed flow in 
blow-down. Other features 
—laminated packing, ale- 
mite lubrication, ball thrust 
bearings. USED SUCCESS- 
FULLY IN OVER 15,000 
BOILER PLANTS. 


YARWAY 
HARD-SEAT 


Features tough, stellite- 
faced and ground disc and 
seat ring, mated to provide 
smooth long-wearing sur- 
faces. Stream-line flow. 
Alemite lubrication. MORE 
THAN 4 OUT OF 5 HIGH 
PRESSURE BOILER PLANTS 
USE YARWAY BLOW-OFF 
VALVES. 


FOR 
LOW and 


MEDIUM 
PRESSURES 


FOR 


PRESSURES 


USED IN OVER 15,000 BOILER PLANTS 


2 
= 
= 
a 
é 
us 
\ 
i 
3 : 
| 
| 


serve every boiler blow-down need 


w Whatever your pressure requirement, whatever 
your piping requirement—there’s a Yarway 
Blow-Off Valve to exactly meet your needs. 

Popular Yarway seatless design keeps blow- 
down lines drop-tight in low and medium pres- 
sure ranges. Sturdy Yarway stellite seat and disc 
design protects higher pressures. 


All Yarway Blow-Off Valves are strong, rugged 
valves, built to withstand the punishment of 
regular or emergency blowing-down under full 
boiler pressure, and are available in metals that 
stand up under acid washing of boilers. 


Write for new Yarway Blow-Off Valve Bul- 


letins—B-426 (pressures to 400 psi) or B-434 
(pressures to 2500 psi). 


® Yorway Type C 
Seatless Tandem 
Blow -Off Valve 
combining angle and 
straightway valves. Other 
combinations available. 
Flanged or welding 

ai 


con 


For boiler pressures to 


@ Yarway Type B Seatless Blow-Off 600 psi. NOTE: When 


Vaive, iron body for bciler pressures 
te 200 psi, steel bodies, for pres- 
sures to 400 psi. Angle valve shown, 
straightway available. Flanged con~ 
nections. See Bulletin B-426. 


® Yarway Hard-Sect Biow-OF Valve 
fer pressures to 2500 psi. Stralghi- 
way valve shown. Angie avaliable. 


LET YARWAY HELP SOLVE YOUR 
BOILER BLOW-DOWN PROBLEMS! 


Welded (shewn) or flanged connec- 


® Yarway Type B Seatless Tandem Blow-Off Valve 
combining two angle valves. Other combinations 
available. lron bodies for boiler pressures to 200 
psi, steel bodies for pressures to 400 psi. See 


Bulletin B-426. 


® Yorwey Hard-Seal-—Sealless Bolted Tandem 
Blow-Of Valve. Hard-Seat ic the blowing velve, 
is fhe sealing valve. Available In any 
combinaiion of connections. For pressures to 


1$00 pti. Hard seat-hard seat tandems fer 


used in tandem with a 
Yarway Hard-Seat Vaive, 
Type C Seatless may be 
used to 1500 psi. See 
Bulletin B-434. 


® Yarway Unit Tendem Biow-OF Valve. Com~ 
bines a hard-saat blowing vaive and a seatless 
sealing vaive in one-piece forged steal body 
for boiler prestures to 1500 pel. Fer pressures 
ty. 2300 pei, two herd-ceoat volver ore com-~- 


YARNALL-WARING COMPANY 
100 Mermaid Avenue, Philadelphia 18, Pa. 


BRANCH OFFICES IN PRINCIPAL CITIES 


blow-off 
valves 
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, And for extreme pressure and temperature 
there is a heavy duty Armstrong” 


Reproduction of Armstrong 
Trap advertisement which 
appeared in power 
magazines in 1924. 


Armstrong steam traps have grown up with the 
increase in steam pressure that started right after 
World War I. Forged carbon steel bodies made 
their debut in 1929 with carbon moly and chrome 
moly steels following as pressures went up. 


The traps listed below have forged carbon steel 
bodies and caps for service to 600 psig, 750F.; 
carbon moly or chrome moly to 900 psig, 900F.; 
chrome moly to 2500 psig and temperatures above 
900. Valves and seats heat treated chrome steel or 
Stellite. Other working parts are 18-8 stainless 
except the bucket weight. 


COMPLETE DATA in 44 page CATALOG J, free 
on request. Call your local Armstrong Factory 
Representative or write: 


ARMSTRONG MACHINE WORKS ; 
No. 515 Armstrong flanged trap at central station 
8129 Maple St., Three Rivers, Michigan dependable protection ot superheated steam lines. 


Screwed 4" to 2” — Socket weld 2" to 2” Flanged connections No. 515 trap—socket weld No. 615 trap—socket weld 
pressures to 900 Ibs. pressures to 900 Ibs. ‘  =—%" te 2’ or flanged 1” or 1%"— or flang or 1%"— 
pressures to 900 Ibs. pressures to 1500 Ibs. pressures to 2500 Ibs. 
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“surge tank and from surge tank to ash hopper. 
After ash handling operation is completed, 


floating decanter siphons off top 


water; 


side. Hydrobin then ready 


clinker grinder by 
gravity flow. Ifrequired, — 


low-pressure nozzle 


On beautiful Cayuga Lake, just outside Ithaca, N. Y., 
the New York State Electric & Gas Corporation built 
their new Milliken Power Station. To minimize water 
pollution by ash from their 1,000,000 lbs-per-hr boiler, 
A-S-H engineered, built and supervised the installa- 
tion of this unusual Low Pressure Hydraulic Materials 
Handling System for transporting bottom ash. Fly 
ash is handled by an A-S-H Pneumatic System. 


This bottom ash handling system began saving 
money for the New York State Electric & Gas Corp. 
immediately. The use of low pressure water recircula- 
tion instead of the “usual” high pressure sluicing 
system saved 200 hp in power requirements. 

This A-S-H low pressure system operates with 
unusual efficiency and requires low maintenance. 
Nowhere is high pressure water used. One Hydroseal 
Ash Pump serves the dual-bottom hopper. The only 
water entering the system is make-up for water lost 
through evaporation or absorbed by the ash, and 
clear water for the pump seal. 


MATERIALS HANDLING SYSTEMS — 
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Because this system is so unusual, we have re- 
printed an article that describes and pictures the 
Milliken Station installation in detail. A copy of this 
will be forwarded to you on request. 


This installation typifies the A-S-H approach to 
any problem. Where possible our engineers specify 
A-S-H standard components— but we will design and 
build an entirely new type system if the problem 
dictates. 

A-S-H Engineers are anxious to tackle your ash 
handling problem, no matter how large or small it 
may be. The knowledge and experience that devel- 
oped this system is ready to go to work for you to- 
morrow. Contact us—today. 


SKA-S-H service doesn’t stop with installation. When 
service problems come up, we stand ready to give 
prompt service assistance. This is a policy worth con- 
sidering when‘suppliers are being selected. 


headers at top can | at a time by 
Cre m * 
| ‘State Electric & Gas Corp. i 
* 
pneumatic. Offices and represe 
“Mydrovac" pneumatic 
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Ray-Man Conveyor Belt... | 
Lower Cost per Ton Carried | 


Cushioned strength members... with double 
compensation to relieve stress on outer plies 

. .. give Ray-Man Conveyor Belt unusual oe 
flexibility to permit fuller loads...even where | 

relatively thick, narrow belts are used... or 
where pulleys are small. Holds fasteners under 
the most severe conditions. No breaker ply 
required. Use of newest synthetic super-strength 
fibers insures even greater service than ever 
before. Like all R/M heavy duty conveyor 
belts, Ray-Man is moisture resistant .. . 
mildew-proof ...and protected against wear, 
tear, cuts and abrasions with R/M’s exclusive 
and remarkably tough ‘““X DC’’ Cover. Ray-Man 
cuts handling costs because it does a bigger 
job, better . . . and lasts longer. 


Write for Bulletin #6915 


@ TRAINS @ RESISTS 
NATURALLY IMPACT 


@ DOUBLE COMPENSATION 
RELIEVES OUTER PLY STRESSES 


Ask an R/M representative how these features of Ray-Man 
Conveyor Belt add up to lower cost per ton handled... 


“More Use per Dollar” 
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Unique patented design accounts for the extra 
power capacity of R/M Poly-V* Drive. A single, 
endless belt, with lengthwise parallel V-ribs 
running on sheaves designed to mate precisely 
with the belt ribs gives Poly-V high V-groove 
grip ... plus flat belt strength . . . twice the 
tractive surface to deliver more power than 
ever before possible! Narrower sheaves can 
deliver equal power in as little as 74 the space 
required for a conventional V-belt drive... or 
up to 50% more power in the same space! 
This means /ess shaft overhang... less drive 
weight . . . less bearing load. 


Poly-V eliminates multiple-belt ‘length 
matching” problems. Inventories of belts and 
sheaves are cut because just two belt cross 
sections meet every heavy-duty requirement. 


The engineers who developed Poly-V Drive are 
prepared to work with you to determine the 
installation best suited for your heavy duty 
power transmission requirements. Contact an 
R/M representative...or write for R/M Poly-V 
Bulletin #6638. 


*Poly-V is a registered Raybestos-Manhattan trademark. 


YOU “More Use per Dollar” 


R/M Poly-V° Drive Delivers More Power in Less Space! 


om 


R/M Super-Power and Condor V-Belts 
...the Smoothest Running V-Belts Made! 


Straight sidewalls on these V-belts provide 
more grip, less slip, longer trouble-free perform- 
ance. You can get up to 40% greater hp 
capacity with R/M Super-Power V-Belts as 
compared to standard types... or do an equal 
job with fewer belts! 

Write for Bulletins 


RM-70IR 


BELTS © HOSE * ROLL COVERINGS © TANK LININGS * INDUSTRIAL RUBBER SPECIALTIES 


MANHATTAN RUBBER DIVISION—PASSAIC, NEW JERSEY 


RAYBESTOS-MANHATTAN, INC. 


Other R/M products: Abrasive and Diamond Wheels * Brake Blocks and Linings * Clutch Facings * Asbestos Textiles * Mechanical 
Packings * Engineered Plastics * Sintered Metal Products * Industrial Adhesives * Laundry Pads and Covers * Bowling Balls 
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The new Stock Equipment Co. 
Mode! 50 Coal Scale offers: 


ACCURATE, CONTINUOUS 
COAL WEIGHTS... 
WITHOUT 
FAIL! 


with little or no 
attention 


Day-in and day-out operation, twenty- 
four hours on end without interruption, 
is a necessity for modern central stations 
and industrial power plants. The demand 
is for equipment to handle higher ton- 
nages with less manpower —and Stock 
Equipment Co. is meeting that demand 
with a constructive design program that 
keeps its entire line up-to-date. 


For example: The new Model 50 Coal 

Scale handles higher tonnages easily 
with its 500# stainless steel weigh hopper, extra wide feed belt and 
unrestricted flow of coal 24” wide straight through the scale. Anti-friction 
bearings are used throughout. Even the feed belt is carried on closely 
spaced idlers with anti-friction bearings carefully arranged for pressure 
lubrication from one point on each side. 


Seventeen years of designing scales exclusively for power plant use make 
a S-E-Co. Scale the answer to your coal weighing problem. Write for help 
with your particular layout of Bunker to Pulverizer or Bunker to Stoker 
equipment to the address below. 


STOCK Equipment Company 
745-P HANNA BLDG. CLEVELAND 15, OHIO 
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1882 


“GRANDPAPPY” 
The First HEINE* Boiler 


Capacity — 1000 lb per hr — Pressure — 100 psi 


The original Heine Boiler was built in a shop in St. Mee 
Louis not far from the site of Combustion’s St. Louis | | 


Division, formerly known as the Heine Boiler Division. 


1957 


C-E SULZER 
Monotube Steam Generator 
Worlds’ highest pressure, 
highest temperature boiler 


CAPACITY 
over 2,000,000 lb per hr 
(325,000 kw ) 
PRESSURE 
5000 psi at turbine 
TEMPERATURE 
1200 F 
Now being installed at Eddy- 
stone Station of Philadelphia 
Electric Company 


ta \ 


*Photo of Heine Boiler would be half the size shown if 

scaled proportionately to drawing of Eddystone unit... 

ro Other formerly well-known names in Combustion’s boiler 
lineage were Ladd, Walsh-Weidner and Casey-Hedges. 
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Landmarks of 


Development of Pulverized Coal Fir 


wo The C-E Pulverized Coal System, p 

Oneida Street Station of Wisconsin El 
Company in 1918, was used in the firs 
First utility station to be designed for pulverized coal q tions designed for pulverized coal firin 
firing. Established a new record for power station sin’s Lakeside Station and Ford Motor 


efficiency. Went into service in 1920 with 8 boilers 
fired by C-E Pulverized Coal Equipment. 


Rouge Station — both built in 1920. 


Development of the Water-Cooled | 


First bottom water screen — Oneida 
Lakeside — 1920 


First rear wall cooling — Springdale S 
Penn Power Company — 1923 


First side wall cooling — Hell Gate § 
solidated Edison Company of N. Y.— 


First boiler utilizing bottom screen, re 
& wall cooling — Cahokia Station, Un 
mJ Light & Power Company — 1925 


Development of Today’s Most Wide 
Type of Industrial Boiler 


Integrated design of two-drum boile 
water-cooled furnace. First installati 
Northampton, Pa. plant of Atlas Portl 
Company — 1926 


Development of Tangential or Corn 


First installation at U.S. Rubber Com 
— 1927. A further development of tanc 
was the vertically adjustable or tilting 
applied at Buck Station, Duke Power 
1940 


Rouge Station Ford Motor Company 

First industrial power station to be designed for pulverized 
coal firing. Was, and still is, world’s largest industrial power 
plant. Went into service in 1920 with 8 C-E Ladd Boilers fired 
by C-E Pulverized Coal Equipment. 
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power progress 


Pioneering of High Steam Pressures 
and Temperatures 


First 1800-lb pressure boiler — Phillip Carey Com- 
pany, Lockland, Ohio — 1931 


First boiler to use steam temperature above 900 F 
— Rouge Station, Ford Motor Company — 925 F — 
1939 


First boiler to use steam temperature above 1000 F 
— Sewaren Station, Public Service Electric & Gas 
Company — 1050 F — 1949 


First 2350 psi— 1100 F boiler — Kearny Station, 
Public Service Electric & Gas Company — 1953 


First 5000 psi — 1200 F boiler — Eddystone Station, 
Philadelphia Electric Company —now being 
installed 


Pioneering of High Capacity Boilers 


Pirst 500,000 lb-per-hr boiler — Rouge Plant, Ford 
Motor Company — 1925 


First 1,000,000 lb-per-hr boiler — East River Station, 
Consolidated Edison Company of N.Y.— 1929 


Introduction of Controlled Circulation 
to American Power Practice 


Somerset Station, Montaup Electric Company — 
1942. (Since 1950, utilities have purchased C-E 
Controlled Circulation Boilers for a total capacity 
of more than 18,000,000 kw — by far the greatest 
acceptance accorded any basically new design 
of boiler in the annals of power history. ) 


East River Station 

Consolidated Edison Company of New York 

First power station to install boilers capable of 
producing 1.000,000 lb of steam per hr — three C-E 
units installed in 1929. 


Port Washington Station 
Wisconsin Electric Power Company 

First utility power station to adopt unit sys- 
tem—one boiler per turbine ~ for a high 
capacity installation. Went into service in 
1935 with a single C-E Boiler serving an 
80,000 kw turbine generator. Set a new rec- 
ord for power station efficiency and held it 
for 13 years. 


— 


Somerset Station 
Montaup Electric Company 

First American power station to install a contro 
circulation boiler. This C-E Unit, placed in serv 
in 1942, demonstrated the advantages of contro! 


circulation for high steam pressures and pav¢ 


the way for the widespread acceptance | 


18,000,000 kilowatts), which the C-E Controlle 


Circulation Boiler has since achieved through: 
the utility industry. 
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f Pulverized Coal Firing 


Coal System, pioneered at 

station of Wisconsin Electric Power 

was used in the first power sta- 

r pulverized coal firing — Wiscon- 

Station and.Ford Motor Company's 
both built in 1920. 


i¢ 


pf the Water-Cooled Furnace 


» water screen— Oneida Street and 


— Springdale Station, West 
mpany — 1923 
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ll cooling — Hell Gate Station, Con- 
n Company of N.Y. — 1923 


ng bottom screen, rear and side 
Cahokia Station, Union Electric 
r Company — 1925 


=f Today’s Most Widely Used 
@rial Boiler 
n of two-drum boiler with fully 


furnace. First installation made at 
Pa. plant of Atlas Portland Cement 


)f Tangential or Corner Firing 


mn at U.S. Rubber Company, Detroit 

levelopment of tangential firing 
ily adjustable or tilting burner, first 
k Station, Duke Power Company — 


Pioneering of High Steam Pressures 
and Temperatures 


First 1800-lb pressure boiler — Phillip Carey Com- 
pany, Lockland, Ohio — 1931 


First boiler to use steam temperature above 900 F 
— Rouge Station, Ford Motor Company — 925 F — 
1939 


First boiler to use steam temperature above 1000 F 
— Sewaren Station, Public Service Electric & Gas 
Company — 1050 F — 1949 


First 2350 psi— 1100 F boiler — Kearny Station, 
Public Service Electric & Gas Company — 1953 


First 5000 psi — 1200 F boiler — Eddystone Station, 
Philadelphia Electric Company —now being 
installed 


Pioneering of High Capacity Boilers 


Pirst 500,000 lb-per-hr boiler — Rouge Plant, Ford 
Motor Company — 1925 


First 1,000,000 lb-per-hr boiler — East River Station, 
Consolidated Edison Company of N. Y.— 1929 


introduction of Controlled Circulation 
to American Power Practice 


Somerset Station, Montaup Electric Company — 
1942. (Since 1950, utilities have purchased C-E 
Controlled Circulation Boilers for a total capacity 
of more than 18,000,000 kw — by far the greatest 
acceptance accorded any basically new design 
of boiler in the annals of power history. ) 


East River Station 

Consolidated Edison Company of New York 

First power station to install boilers capable of 
producing 1.000,000 lb of steam per hr — three C-E 
units installed in 1929. 


of cE power progress 


Port Washington Station 
Wisconsin Electric Power Company 


First utility power station to adopt unit sys- 
tem—one boiler per turbine — for a high 
capacity installation. Went into service in 
1935 with a single C-E Boiler serving an 
80,000 kw turbine generator. Set a new rec- 


ord for power station efficiency and 
for 13 years. 
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Shippingport Station — Diiitiie Light Company — The Shippingport Nuclear Power Station, America's se 
first full-scale atomic power plant, is scheduled to go into service the latter part of this year. Designed by Westing- 4 
house Electric Corporation under contract with the Atomic Energy Commission, Shippingport will be operated by the ee 
e Duquesne Light Company and will have an initial rated capacity of 60,000 kw with an anticipated future capability So 
: of 100,000 kw. Combustion designed and built the reactor vessel and internals for this station. Sigel 3 


Eddystone Station — Philadelphia Electric Company — Now under construction, the initial unit at Eddystone «| 


‘rset Station 
» Electric Company will be a 325,000-kw turbine generator to which steam will be supplied by a C-E Sulzer Monotube Steam Generator ‘ ee 

, ee _ at the supercritical pressure of 5000 psi and a temperature of 1200 F with double reheat —the highest steam con- fe i 
ee ee eee erent ditions yet adopted. By virtue of these steam conditions, Eddystone is expected to set a new record for power stution i 


ion boiler. This C-E Unit, placed in service 
demonstrated the advantages of controlled 
ion for high steam pressures and paved 
y for the widespread acceptance (over 
00 kilowatts), which the C-E Controlled 
ion Boiler has since achieved throughout 
ty industry. 


efficiency with a heat rate of approximately 8000 BTU to kw-hr. A second C-E Sulzer Unit for this station is on order. 


Enrico Fermi Station — Power Reactor Development Company — This fast breeder reactor plant will have 
a capaciy of 100,000 kw and will supply electricity to the Detroit Edison System. It is scheduled for completion in 
1960. Combustion is —? the reactor vessel, internals and rotating tere: for this notable atomic power — 
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adecade of CE 


Combustion’s activities in the nuclear field began in 
1946 when studies were undertaken to determine the 
feasibility of power generation from nuclear fuels. 
Since then the Company has served as consultants 
and designers for the Atomic: Energy Commission, 
the Navy Department and utility companies on re- 
actor system components. It has designed and manu- 
factured the reactor vessel, shield tanks and rotating 
plugs for the prototype of the submarine U.S.S. Sea: 
wolf and for the Seawolf itself; liquid metal heaters 
for the U.S. Navy Bureau of Ships and the U.S. Air 
Force; and the reactor vessel, end closure and inter- 
nals for the Shippingport Plant, the country’s first full- 
scale nuclear power plant. 

Work currently in process includes the fabrication 
and assembly of five complete reactor cores for the 


Heaviest unit of nuclear power equip- 
ment built to date—235-ton reactor vessel, 
designed and built by C-E, for country's 
first full-scale nuclear power plant. View 
shows vessel being installed at Ship- 
pingport Nuclear Power Station, Ship- 
Ppingport, Pa. 


nuclear progress 


U.S. Navy’‘s nuclear submarine program; the reactor 
vessel, internals and rotating plugs for the Power 
Reactor Development Company's Fast Breeder Reac- 
tor (Enrico Fermi Station); the reactor vessels and 
steam generators for Submarine Advanced Reactor 
as well as reactor vessels, internals and closures for 
an aircraft carrier and a new type of ship called a 
frigate. To date, Combustion has done more heavy 
component work than any other company. 

Most significant of the Company's present projects 
is a contract to design, develop, manufacture and test 
a nuclear reactor for a new type of submarine, and 
to serve as prime contractor for the construction of a 
prototype installation. Combustion was the first com- 
pany to undertake a naval reactor project using its 
own facilities. 


Aerial view of Combustion’s Nuclear Power Division at Windsor, Conn., 
taken earlier this year when construction was nearing completion. This 
$15,000,000 plant is the lergest privately owned facility of its kind con- 
structed thus far. At lower right are the Critical Assembly Buildings. The 
three buildings in the upper left group are, from top to bottom, the Engi- 
neering and Administration Building, the Development Building housing 
chemical, metallurgical and physical testing laboratories, and the Fuel 
Element Fabrication Building. In another part of the 530-acre site, the 
prototype of a nuclear powered submarine is under construction. 
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Chattanooga Division, largest of Combustion’s nine domestic manufacturing plants, is equipped with many spe- 
cial facilities for the manufacture of heavy nuclear components. These facilities are contained in the Nuclear 
Power Building (upper center), which is 535 ft long by 90 ft wide. Completed last year, this was the first 
facility in the country to be expressly designed and built for the manufacture of heavy nuclear components. 


This IBM Computer System was the first installation of its kind 
anywhere. Located at C-E headquarters in New York, it is 
directly connected by transceivers to both Chattanooga and 
Windsor. Equipped with a “memory” in the form of a battery 
of magnetic tapes, it can “remember” literally millions of 
pieces of information and can be used to solve an almost end- 
less variety of engineering problems. For example, it can 
solve an equation with 18 unknowns in a very few minutes. 


Lower section of reactor vessel for Enrico Fermi Nuclear 
Power Station being built by Power Reactor Develop- 
ment Company. This highly complex vessel will be 
constructed of stainless steel throughout. It will be 37 ft 
high with a diameter of about 14 ft. It is shown here on 
the 50-ton welding positioner in the Nuclear Power 
Building at C-E’s Chattanooga Division. 


This 15,000,000-volt Betatron, installed in the Nuclear Power 


Building at the Chattanooga Division, is used for fast X-raying ? 
of extremely thick plate and welds. Here it is examining the 
8'%2-inch thick wall of a reactor vessel. 
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products for the power field 


Utility Bollers 


Natural and controlled circulation designs for all requirements of capacity, 
pressure and temperature. 


Nuclear Power Systems 


Complete power reactor systems 
Reactor vessels, cores, fuel elements, heat exchangers and other 
components. 
industrial Boilers 
Vertical-Unit Boilers (Type VU) 
Standard and special designs for capacities from 10,000 to 600,000 
lb per hr; pressures to 1400 psi; and temperatures to 1000 F. 
Package Boilers (Type VP) 
Standardized, shop assembled units in capacities from 4000 to 
50,000 Ib per hr; pressures to 500 psi; oil or gas firing. 
Controlled Circulation Hot Water Boilers (Type HCC) 
For large heating and process applications; producing high-tem- 
perature, high-pressure water for forced circulation systems. 
Special Boilers 
Waste Heat — Natural and controlled < lation designs; fire tube 
designs. 
Waste Fuels — Special designs for burning bark and other wood 
refuse, bagasse, etc. 


Marine Boilers 
Sectional Header, Bent Tube and Controlled Circulation designs for 
all capacity, pressure and temperature requirements. 
Fuel Burning Equipment 
Pulverizers (C-E Raymond Bow! Mills) 


Burners — Tangential, Horizontal and Vertical Types for firing pulverized coal, 
oil or gas, separately or in any combination. 


Stokers — Underfeed, Spreader, Traveling Grate and Chain Grate designs. 


ce Products for other fields 


For Process Plants 
Mills, Pulverizers and Air Separators 
Flash Drying Systems 
Pressure Vessels — columns, towers, tanks; etc. 
For Pulp and Paper Mills 


Chemical Recovery Units 
Flash Drying Systems for lime kiln mud 
Bark Burning Boiler Units 


For Municipalities 
Flash Drying and Incineration Systems for sewage sludge 
Refuse Incinerator Stokers 
Flash Drying and Calcining Systems for water softening plants 
For Railroads 
Superheaters and auxiliaries for steam locomotives 
For Homes 
“Superspun” soil pipe and fittings 


COMBUSTION ENGINEERING 


BUSTION ENGINEERING BUILDING * 200 MADISON AVENUE®*® NEW YORK,N.Y. 
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BEST...AND 
SIMPLEST WAY 
MEASURE 


Furnace Pressure 


2- Gas Pressure 
3- Air Flow 


DIAPHRAGM MANOMETER 


is easy fo maintain ... stays in calibration 


Taylor Recorder 


ERE IS Taylor’s answer to problems of with 

measuring furnace pressure, gas pressure, aaa ci 
or (as shown here) air flow. This low-pressure 
Diaphragm Manometer is designed for measur- 
ing vacuum, pressure and differential pressure 
where the range does not exceed 4’’ water and = 
static pressure is no more than 5 psig. 


Flow Element 


It’s a large 302 stainless-steel convoluted dia- | 
phragm in an aluminum housing—built to give ee 4 
rugged, reliable service without excessive weight. 
Overrange protection to 30 inches of water. 


Simplified Manometer zero adjustment access- 
ible within instrument case . . . compensation 


for changes in ambient temperature .. . easily 7. lor uments 
adapted to range changes. ay uM 
e Excellent repeatability @ Little maintenance MEAN 

e Easy calibration e@ Stays in calibration. ACCURACY FIRST 


Ask your 'Taylor Field Engineer, or write for 
Bulletin 98175. Taylor Instrument Companies, 
Rochester, N. Y., and Toronto, Canada. 


VISION - INGENUITY - DEPENDABILITY 
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CONVEYOR BELTING 


Delivering 


367 Tons Coal per Hour... 


to insure steady power flow 


The immense new steam electric generating units at Kyger Creek and 
_ Clifty Creek (in the Ohio River Valley) have a capacity of 2,365,000 
’ kilowatts—almost all of which is for the Atomic Energy Commission 
plant on the Scioto River in Ohio. 

To satisfy the monstrous appetite of Kyger Creek, U. S. Rubber 
conveyor be'ts help feed 367 tons of coal into its boilers every hour, 
24 hours a day. Smoke issues constantly from the giant stacks, each 
as tall as a 53-story building. 

“We can’t afford interruptions in production,” says a ranking plant 
official, “because maintaining power output for the atomic plant is 
vital.” So they have guarded against belt failure by selecting U. S. 
Conveyor Belts—well known for dependability by power plants 
throughout the world. 


(above) 

The Number One 
conveyor belt emerging 
from the unloader 
hopper at Kyger Creek. 
This 48” wide 

U.S. Matchless® belt 
provides excellent 
troughability, extreme 
rip resistance, fine 
training and long life. 
This excellent conveyor 
system and belting 
mean considerable 
savings in manpower 
to move the coal 
supply. 
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EXPANSION JOINTS 


84.000 Gallons Water per Minute 


for atomic energy plants 


The Clifty Creek steam electric plant brings in and expels 
river water at 84,000 gallons per minute, by means of 
circulating water pumps. To help quench this huge thirst, 
U. S. Rubber Expansion Joints (from small 8-inch type 
to big 66-inch type) are used on the water intake and 
discharge pipes. 

These U.S. Expansion Joints at Clifty Creek are 
handling the contraction and expansion problems in the 
pipe lines excellently. They can take sudden changes in 
temperature, they can handle shocks, and they're not 
bothered by corrosion. 

A complete line of U. S. Rubber Conveyor Belting 
and Expansion Joints is available at any of the 28 “U. S.” 
District Sales Offices, at selected “U. S.” distributors, or 
write us at Rockefeller Center, New York 20, N. Y. 

In Canada, contact Dominion Rubber Co. Ltd, 


Above is one of the many 66-inch U. S. 
Expansion Joints on a water intake line 

at the Clifty Creek Plant. None of these 
joints, no matter what the size, has ever 
given Clifty Creek any problem. They are 
performing excellently, on a tough job. 


Mechanical Goods Division 


United States Rubber 
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1500 Series—Four roller 


DAYTON, O 


WIEDEKE ..: THE QUALITY 

NAME IN TUBE EXPANDERS 

THROUGHOUT THE YEARS 
The “IDEAL” Trademark is your 
guarantee of the very best... in 
quality, dependability and _per- With Short Mandrel and Uni- 
formance. When you buy or } versal Joint Drive for Water 
specify Wiedeke you know... | Wall & Superheater Headers. 
your job will be done RIGHT. 
Distributors in principal cities. 


NOTE: above 
Tools are made 
for tube sizes 
from 45/,” thru 
44%”. Larger 
sizes (thru. 8”) 
' made to order. 


With Short Mandrel and Right 
Angle Gear Drive Assembly 
for Round or Square Headers. 


Short Mandrels— 
all sizes in three lengths. 


With Drum Mandrel for tubes 
in drums; use Short Mandrels 


for tubes that bend close to 
drum. 


OPERATING ACCESSORIES 


IDEAL Right Angle 


IDEAL Universal Joint 


Gear Drives are pre- wt Drives provide an 
ferred for rolling tubes effective operating 
at any angle to hand range at angles up to 


hole when used paral- 
lel inside of Header. 


1149 Series 


35°. Designed espe- 
cially for use with 
Tube Expanders 


IDEAL Parallel Gear " when rolling 
Drives are recommend- tubes where 
ed for rolling tubes at space is limited and 


right angles through 
hand holes in small 
headers. 


202 & 2770 Series 


where tubes are not in 
direct line with hand 
holes. 
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255 Series 
For average tube sheets 


Adjustable for 21/3” 
thick sheets 


FOR CONDENSERS ¢ HEAT EXCHANGERS 


Short frame for 
lo-fin tubes 


270 Series 
For thick or multiple tube sheets 


Adjustable for 71/,” 
thick sheets 
ASK FOR WIEDEKE SPECIALIZED PRODUCTS 

Continuous research and devel- 
opment mean you can rely on 

Adjustable for multiple Wiedeke for the greatest effi- 

ciency in miscellaneous TUBE 
5 TOOLS...Air and electric ROLL- 
ili ING MOTORS with TORQUE ROLLING ATTACH- 

MENTS. Your special requirements will be made 

to specifications. 

NOTE: above Tools made for tube sizes from 

and up. 


j 


Ball Bearing Thrust Collar 
* {recessed collars optional) 


FOR FIRE TUBE BOILER UNITS 


3300 Series 3400 Series 


Series 3300 IDEAL Tube 
Expanders are recommend- 
ed for parallel rolling of 
tubes in tube sheets—a 
good “touch-up” tool for 
re-rolling leaky tubes. 


Write for New 


Catalog 81 


The Gustav WIEDEKE Company | 
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Dayton 1, Ohio 


Series 3400 IDEAL Tube 
Expanders will roll tubes 
parallel and flare end in 
one operation —speeds- 
up” the beading operation 
and reduces the cracking 
of tube end. 
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Unequaled compressive 
and flexural strength! 


Saw it... nail it... 
shave it... drill it! 


Bridge joints and fitting 
without fear of breakage! 


KAYLO® and 
FIBERGLAS® 


INDUSTRIAL 
INSULATIONS 


. . . distributed by approved Fiberglas dis- 
tributor-contractors . . . offer the most versa- 
tile family of plant insulations available. 
With new pink Kaylo-20 (increasing the 
upper range of Kaylo by 600° F.!), you can 
now order—from one reliable supplier— 
complete insulation coverage from lowest 
sub-zero to 1800° F., serving such extra-high 
temperature applications as catalytic crack- 
ing units, refractory wall backing for furnaces 
and boilers, and fireproofing of piping, equip- 
ment, and vessel skirts. See Sweet’s Files, 
Chemical Engineering Catalog, or Refinery 
Catalog. Or write Owens-Corning Fiberglas 
Corporation, Dept. 186-I, Toledo 1, Ohio. 


@T-M.(Reg. U.S. Pat. Off.) Owens-Corning Fiberglas Corporation 
@® T-M. Reg. Owens-Illinois Giass Co., Inc., mfr. of Kaylo 
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IRON FIREMA 


FORCED DRAFT FIRING UNITS 
FOR GAS, OIL OR GAS-OIL COMBINATION 


Typical installation of Iron Fireman packaged oil-gas firing units in Scotch 
type boilers. Illustrated are Kewanee-Iron Fireman boiler-burner units. 


Here are features that Architects, Engineers 
and Owners appreciate 


Easy to size and specify. After deciding on 
the fuel (gas, oil or gas-oil combination) and 
determining the required load, it is only 
necessary to refer to a simple chart to find 
the correct size of unit for your job. 


Big reserve capacity. Boiler-burner units 
are conservatively rated. This means that the 
unit will carry its rated load at a comfortable 
“cruising speed.”’ Maintenance costs are low, 
and high peak loads are taken in stride. 


Economy. Installation costs are low. No 
special boiler setting; no intricate wiring 
(factory wired and tested control panel is 
part of the unit); no complicated piping; 


IRON FIREMAN. 


AUTOMATIC FIRING EQUIPMENT 
FOR OIL, GAS, COAL 
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no on-the-job refractory work. Factory 
engineering throughout assures exceptional 
fuel economy. 


No high stacks—no high ceilings. Forced 
draft eliminates costly and unsightly stacks. 
Compact boiler requires little headroom. 


Firing unit fits all types of boilers. The 
Iron Fireman forced draft burner is a com- 
plete firing system which requires no firebox 
alteration, no pit for underfloor air, no 
ignition arch. Easily applied to new or exist- 
ing boiler settings. 


Send for catalog with specifications 


Complete boiler-burner units. 
Forced draft firing unit. 


THE FIRE Name 
Firm 
Address 


City 


FIRING UNIT CAN 
BE APPLIED TO ALL 
TYPES OF BOILERS 


STEEL FIREBOX 


(In Canada, 80 Ward Street, Toronto, Ontario) 
Please send information on following equipment: 


| 
WATER TUBE 
on 
~ 
CAST IRON 
| IRON FIREMAN MANUFACTURING COMPANY 
3334 West 106th Street. Cleveland 11. O 
Be 91 


ERIE CITY 


manufactures all major c 


of their STEAM GENERATORS co 
responsibility for 


SUPERHEATERS 


the advantages obtained TOK ERS 
« through the purchase of complete, . 


: ; modern, steam generators by Erie City | ER ECTION is 

Iron Works. No division of respon- 
sibility one manufacturer builds all SERVICE 
the component parts— each part 
ti designed and engineered for maximum 
Ps efficiency —all erected and serviced by Erie 
City under one contract. 


When fuel and boiler room labor costs 

affect your competitive position, when steam 
demands crowd old boilers to the dangerous _ 
limit, it is time to consider the advantages 
% obtained by using steam generators designed 
and built by Erie City lron Works. Bulletin — 
$B-50 describes the complete line 
of power equipment. 


Erie 
ven inseom ERIE CITY IRON WORKS: Exc. 22 


STEAM GENERATORS SUPERHEATERS + ECONOMIZERS 
UNDERFEED AND SPREADER STOKERS 


AIR PREHEATERS 
PULVERIZERS 
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ponents 


ring one 


Three Steam Generators with 


Erie City 100,000 Ibs. per hour 
2-Drum Boilers 


Erie City Single Pass Tubular Air Heaters 
Erie City “Travagrate” Continuous Ash 


Erie City Pendant Type Superheaters 


Discharge Spreader Stokers 
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9-ton coal unloader, with free digging capacity of 850 tons per hour, has 
an average operating lift of 75 feet and travel distance of 40 feet. 


Barge unloading?...WE DO THE COMPLETE JOB— 
unloading tower, dock and all auxiliaries 


Dravo experience in the design and 
construction of complete bulk ma- 
terials handling installations can 
help you lower coal handling costs 
materially. Take the facility shown 
above. The cellular steel sheet pile 
dock requires no maintenance, pro- 
vides safe mooring for barges and 
supports the, barge shifters, other 
auxiliaries and the unloading tower. 

This all-welded tower has a single 
hoist motor and drum which per- 
form all hoisting and lowering 
operations. Hoisting rope pull is 
equalized, and a counterweight re- 


pp? 
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duces hoisting horsepower. A sep- 
arate drive provides independent 
and positive bucket closing. 

Dravo facilities provide for the 
design, fabrication and erection of 
the complete job. Tower, dock and 
auxiliaries are integrated into a 
smooth-running installation de- 
signed to Operate at maximum effi- 
ciency and low cost. 

Dravo heavy materials handling 
equipment is at work in power 
plants, steel mills, port docks and 
other materials transfer points. You 
can learn about Dravo’s complete 


line of trolleys, bridges, towers 
and other related equipment by 
writing for Bulletin #225. Better 
still, let us arrange for your visit to 
actual installations. Simply call us 
at Pittsburgh, Spalding 1-1200, or 
write DRAVO CORPORATION, 
PITTSBURGH 25, PENNSYLVANIA. 


DRAVO 


CORPORATION 


Blast furnace blowers * boiler and power plants * bridge sub-structures * cab conditioners * docks and unloaders * dredging * fabricated piping 
foundations * gantry and floating cranes * gas and oil pumping stations * locks and dams ¢ ore and coal bridges * process equipment * pumphouses and 
intakes © river sand and gravel © sintering plants * slopes, shafts, tunnels * space heaters © steel grating * towboats, barges, river transportation 
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How many of these MSDONNELL products do you know? 


controls, flow switches, and related equipment. It will 
pay you to know these and other products in the 
McDonnell FULL LINE. Ask for complete information. 


Check them over. You'll find a number of products you 
know well—but you'll also find many to solve those 
special problems that come up calling for liquid level 


MSDONNELL & MILLER, Inc. 3506 N. Spaulding Ave., Chicago 18, Illinois 


off Combination No. 51-2 5 

or | Feeder — Like No. 47 but Com off Combi ¢ — 

vel | small hot water space | automatically | No. 51-2 — 

vided in moder i — 
n boilers. switches. ee 

size up to 150 Ibs. pres- tegral water column. switching type for 

No. 4155 Fee Water | No. 65 Ex; } | No. 80 “Switch, | No. 2) Make- 

any multiple | Electric Co: re high: for. er | No. 27T Make- 

230 Series (ASME) | No. 2: (ASME) | No. 201 Temperature | 202 Se -2 Flow 


(Advertisement ) 


They wouldn't 


have believed it 


Recent Steps in Stoker Development Would 
Astonish Pioneers of 60 Years Ago. 


® Before the turn of the century when 
Detroit Stoker Company was founded, 
few power plant engineers would have 
believed possible the progress which 
60 years has brought in coal burning 
equipment. 

Ability of Detroit Stoker Company 
Engineers to foresee and to meet the 
ever changing needs in mechanized 
combustion over the years, has resulted 
in a series of new types of stokers that 
have kept this company in the forefront 
of the industry. 


Pioneers in many developments. We 
were among the pioneers of the stoker 
industry in 1898 . .. among the first to 
use the underfeed principle and later 
the spreader principle. The spreader 
stoker, due to its great flexibility and 
ability to burn all grades of fuels has 
become the most widely accepted type 
of stoker today. Detroit Stoker engineers 
developed the Overthrow Rotor with 
curved blades, which insures uniform 
distribution of fuel over the entire 
grate, 


Detroit LoStoker. Single retort mechan- 
ically driven, plunger feed, side clean- 
ing underfeed 


Typical Detroit Stoker installation. 
RotoStoker-CC 


We were the first to apply to spreader 
stokers the principle of divided grates, 
longitudinally sectionalized with a steam 
or air powered dumping section for each 
feeder to simplify ash cleaning. 

Also we were first to apply the con- 
tinuous ash discharge principle to 
spreader stokers with the Detroit Roto- 
Grate, which has a forward moving 
grate. 

Addition to line. The RotoStoker, 
Type C-C (Continuous Cleaning) is our 
latest proven stoker type. Of the over- 
throw spreader type, it employs a 
unique design of horizontal reciprocat- 
ing grates, which continuously move the 
ash forward, discharging it at the front. 

Lower excess air — higher heat re- 
lease. Recent design improvement in 
RotoGrate air seals has resulted in re- 
duction of excess air in the furnace to 
an extremely low point, consistent with 
higher furnace temperatures permissible 
with more furnace wall black surface in 
modern boilers. 


tii 


Detroit UniStoker with integral fan and motor . . 
Detroit Single Retort Stoker with separately mounted 


fan and motor. 
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Detroit Double Retort Stoker. Plunger 
feed, side cleaning underfeed 
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Detroit RotoStoker Type CC (Continuous Cleaning). 


Detroit RotoStoker. Spreader type. Has high burning Spreader Stoker with unique design of horizontal 


rates and handles a wide variety of fuels. reciprocating grates which discharge ash at front. 


Pioneering in design for higher heat 
release per square foot of grate has kept 
pace with this same trend in boilers. 

Handling wide load ranges. Devel- 
opment of RotoGrate Convertible Grate 
Area Dampers has made possible efti- 
cient handling of load ranges of more 
than ten to one without smoke, while 
maintaining uniform steam pressure. 

Gravity cinder return. Methods of re- 
turning fly ash carryover to the furnace 
to consume combustible matter and the 
use of overfire air to promote furnace 
turbulence for suspension burning are 
constantly being improved and refined. 

Latest of these refinements and first 
in the industry is the Gravity Flow Sys- 
tem for cinder return with RotoGrate 
Stokers. Where boiler design permits, 
cinders from collection points are de- 
posited by gravity on the rear end of the 
grate. Improved design of air seal per- 
mits a “quiet” or coking section here. 
Cinders agglomerate with the green fuel, 
fly carbon burns on the grate and does 
not recirculate. 

Dust loading of gases is substantially 
reduced and even with very low excess 
air, no slagging tendency is observed 
on the furnace walls, fuel bed, or fur- 
nace exit. 

Hydraulic drive. Hydraulic Grate 
Drives are standard on RotoStokers 
Type C-C and are now available on 
RotoGrate Stokers. Hydraulic Drive 
for the RotoGrate includes a fluid mo- 
tor to drive the feeders. 

New eeder. Where conditions war- 
rant, a newly developed Chain Con- 
veyor Type Rotor Feeder provides in- 
finitely variable control of feed over a 
much wider capacity range. Moving 
parts are sealed against dust and dirt 
and run in an oil bath. Feed is positive 
and continuous with even the wettest 
and most sticky fuels. 

Burn waste fuels. Special Feeders are 


AA 
available for burning! waste and refuse 
fuels such as bark, mill waste wood, 
bagasse, coffee grounds and many others 
either separately or in combination with 
coal. 

Installation savings with stoker fired 
packaged boilers. Recent, also, is the 
adaptation of both underfeed and 
spreader type stokers to package boilers 
of several] manufacturers. The stoker is 
assembled and shipped with the boiler. 
Available in sizes up to boiler shipping 
limits—approximately 35,000 pounds of 
steam per hour. 

Wide range to meet your needs. A 
complete line — LoStoker, UniStoker, 
Double Retort Stoker, which are Under- 
feed Type — RotoStoker, RotoStoker 
C-C RotoGrate, Overthrow Spreader 
Types . .. permits us to offer unbiased 
recommendations for all plant condi- 
tions and for boiler capacities from 
about 3,000 pounds to 400,000 pounds 
of steam per hour. 

Our engineers will be happy to work 
with you in solving any of your combus- 
tion problems . . . to recommend stoker 
equipment to burn the type of fuel most 
economical and available to you. No 
obligation. 


q 


Detroit RotoGrate Stoker. Spreader Stoker with 
forward moving grates which continv-vsly dis- 
charge ash at front. Note gravity cinder return. 


DETROIT STOKER COMPANY 


Main Office and Works, Monroe, Michigan 


District Offices and Representatives 
In Principal Cities of U.S. and in Hawaii and The Philippines 
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This is an illusion 


HOLD this Diagram by the right hand bottom corner and give it a 
slight but rapid circular twisting motion, at which time each circle will 
separa’ 'y revolve on ils own axis The inner cogged wheel will be 
seen to revolve in an opposite direction. 


ih 


Ne THIS is the real thing! 
INSULFIT the most highly efficient and economical ‘‘poured-type-insu- 
lation’ available for underground steam and hot water distribution systems 


The following comparative “K" factors were the following values. These values were com- “K” VALUES: 
recorded at the Research and Development lab- puted using 6” of material for the comparative 
oratories of the Atlantic Refining Company, evaluation. The average “K" factor on INSUL- 
and are evidence of INSUL-FIL’s superiority. FIL and 100% mined asphalt vary slightly de- 


The average “K” factor at 150 p.s.i.g. indicated pending on thickness of application. 


*U S NAVAL AIR STATION « Installing INSUL-FIL at Idlewild International Airport for Port 
3 5: of New York Authority. (Seelye, Stevenson, Value & Knecht — 
Consulting Engineers) 


* QUONSET POINT 


Installing contractor Rhode Island Covering Co., U. S. Naval Air 
Station, Quonset Point, R. I., Charles A. Maguire and Associates, 


Consulting Engineers, Boston, Mass., Providence, R. I. 


COLLEGES and INDUSTRY use (NSULFUL. Can you afford not to? 


INSUL-FIL CO., INC. oivision oF 


FOR TECHNICAL ADVICE — 


MIRACLE ADHESIVES CORPORATION 250 Pettit Avenue, Bellmore, L. 1., N. Y. 


Send now for your FREE copy of MIRA-DATA SHEET #9, 4 page colorful brochure describing INSUL-FIL, Other Miracle Products for the 
Insulation Industry: 
NAME Zip-on Protektinsul Vinyl Pipe Covering 


Zip-on Protekto-Flex, Vinyl Covered 
COMPANY. Fibrous Glass Insulation 


Miracle Surface Anchors 
ADDRESS. Miracle Insulation Adhesives 
city STATE Miracle Duct Sealer 
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Serving The POWER Industry 


Yesteryear, in the field of Bulk Ma- 
terial Handling Equipment Heyi & 
Patterson contributed such “Firsts” 
as the Bradford Coal Breaker, the 
Traveling Elevator for Boiler House 
Service and the Coal Lowering 
Well. Many contributions have 
been made by H & P in the de- 
velopment of conveying equip- 
ment, loading and unloading 
towers, rotary car dumpers, coal 
storage bridges, coal sampling 
equipment and many others. 


Today, Power Plants across the country rely on H & P for 
modern and efficient equipment such as the Unloader 
shown here. Five of these 1200 TPH Unloaders serve im- 
portant Utilities along the Ohio River. Additional Unloaders 
and numerous other H & P products, each designed for 


specific requirements, are operat- 
ing satisfactorily in Power Plants. 


Long years of service to the Power 
Industry coupled with the determi- 
nation to maintain Heyl & Patter- 
son’s leadership give assurance 
that... 


YESTERYEAR 


Barge and Boat Unloaders Coal Handling Equipment Coal Storage Bridges 
Rotary Car Dumpers Lowering Wells Thorsten Coal Samplers 
Bradford Coal Breakers and other H&P Bulk Material Handling Equipment 
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More and more power plant operators are using Lumnite concrete linings in all types of installations from ash hoppers 


to stack linings—to insure trouble-free service year after year. Above: Ohio Edison Power Company, Niles, Ohio 


Solve heat, corrosion, insulation problems fast 
by using Atlas LUMNITE* cement 


e Lumnite-made industrial concretes give rugged resistance 
against heat, corrosion, abrasion and thermal shock. 


e Repairs and downtime are reduced to a minimum. 


e@ Placement is fast and easy — by pouring, plastering or guniting. 
(For maximum convenience, use Lumnite-made castables. 
These are pre-mixed, ready for use, and are made by leading 
manufacturers of refractories.) For more information, write: 
Universal Atlas, 100 Park Avenue, New York 17, N. Y. 


* “LUMNITE” is the registered trademark of the calcium-aluminate 
cement manufactured by Universal Atlas Cement Company 


UNIVERSAL ATLAS CEMENT COMPANY -member oftheindustrialfamilythatserves the nation—UNITED STATES STEEL 


OFFICES: Albany + Birmingham + Boston - Chicago + Dayton + Kansas City + Milwaukee + Minneapolis + New York + Philadelphia + Pittsburgh + St. Louis + Waco 
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Henderson, Ky., selects a third 


on 


In 1950,... 

two De Laval 5,000 kw multi-stage 
turbine generators were installed in the central station De Laval multi-stage turbines are rugged 
of Henderson, Kentucky. These units operated in construction, economical to run. Trans- 
mission of power may be either direct or 


so dependably that the City of Henderson ordered 


through speed reducing gears. De Laval 
multi-stage steam turbines are available for 
all services, including operation at the high 


a new, larger De Laval turbine generator to 
meet their increased power requirements. 


Put on the line in 1956,... pressures, high temperatures employed in 
this 12.650 kw De Laval machine is an AIEE-ASME steam plants of the latest design. Units are 


Preferred Standard Unit. It operates at 600 psig built in sizes up to 25,000 hp. 


and 825F; the turbine speed is 3,600 rpm. 


Turbine Generators 


DE LAVAL STEAM TURBINE COMPANY 
815 Nottingham Way, Trenton 2, New Jersey 


DE LAV AL | 
a 
a 
Mh 
OL-390 


| 
| — a From the smallest 20 h.p. Fire Tube, up to the special 


50,000 Ibs. per hour Type D Water Tube unit, every 
Superior Steam Generator is “Performance Rated” for 


" high efficiency operation and long life under actual con- 
| D ditions of service. 
Bl These “Performance Ratings” are based upon factory fire 
, y ol a tests conducted on every Superior Steam Generator before 


shipment. When you buy a Superior Steam Generator, you 
buy results which are guaranteed by these tests... and 
you may witness the tests if you wish. 


When you pick a packaged unit, pick a Superior pack- 
aged unit... it eliminates all of the guesswork. Built by 
Superior Combustion Industries, Inc., whose boiler division 
specializes in the exclusive manufacture of packaged steam 
generators, a Superior “Performance Rated” package is 
your guarantee of low-cost steam, minimum maintenance, 
and high availability. 


from the PERFORMANCE 


Performance Rated for 
capacities from 20 to 600 b.h.p. 
Pick this package for steam or 
hot water heating and for indus- 
trial applications requiring pres- 
sures to 250 p.s.i. 


Write for Catalog X 


SUPERIOR COMBUSTION 
TIMES TOWER, TIMES SQUARE, 
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Performance Rated for 
steam capacities from 9,000 
to 38,000 Ibs. per hr. at pres- 
sures from 100 p.s.i. Ideal for 
automatic installations in 
institutions and industry. For 
oil, gas, or coal firing, pro- 
viding maximum versatility. 


Write for Catalog Y : 


Performance Rated for in- 
dustry. 8,000 to 50,000 Ibs. per 
hr. Pressures from 100 to 900 
p.s.i. Superheaters when re- 
quired for final steam tempera- 
tures to 750°F. For firing oil or 
gas, with rear-mounted centri- 
fugal fan for quiet operation 
and unobstructed firing front. 


Write for Catalog Z 


for performance you can BANK on 


INDUSTRIES, INC. 
NEW YORK 36, N.Y. 
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The 


: chart at the 
yy left shows how the CA System provides these v 
= advantages. As you know, ideal electrical power input to a r 
“ precipitator is not constant. It varies with changes in gas e 


composition, temperature, rate of flow and humidity, as well as 
characteristics of the dust, such as size, electrical 


resistivity and extent of build-up on the electrodes. 

With conventional controls, manual adjustments cannot keep 
. pace with these changing conditions. This difference 

.! between ideal electrical power and actual power input, 

under manual control, is shown in the chart. This 


difference means lower collection efficiency. 
The fast acting electronic circuits of the CA System 
y 

provide the best practical approach to ideal electrical power. - a 
During periods of sparking, electrical power input is i 

P 5 P P 
controlled by the optimum sparking rate, which can be easily 
pre-set to any value between 0 and 500 sparks per minute. 


Under some conditions power input would have to be 
increased beyond the capacity of the electrical equipment 
in order to maintain this optimum sparking rate. During 
such periods the power input is governed by the capacity 
of the electrical equipment. This condition is shown 

in the center vertical section of the chart. 

For more information on this new automation development 
write for your copy of Bulletin CA, It has a detailed 


description of how the Cottrell Automation System works 
and how higher “around-the-clock” collection efficiencies ; 
and lower operating costs are obtained, 


RESEARCH-COTTRELL, INC., Main Office and Plant: Bound Brook, New Jersey*405 Lexington Ave., New York 17, N. ¥- 
Grant Building, Pittsburgh 19, Penna. + 228 No. La Salle St., Chicago 1, Ill. « 58 Sutter Street, San Francisco 4, Cal, 
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Boiler House at New Helicopter Plant Sikorsky Division, United Aircraft Corp. F. A, Fairbrother and Geo. H. Miehls, Architect 
and Engineer; Albert Kahn Associated Architects and Engineers, Consultants. 


SIKORSKY’S MODERN BOILER INSTALLATION 
“BUFFALO” DRAFT FANS 


Power magazine, May, 1957 issue, said this about Sikorsky’s 
new power service setup: “A top example of today’s design 
practice for medium-sized plants . . . its boiler house, in 
particular, resulted in its selection by Factory magazine as 
one of the most significant plants erected in the US. in 1955.” 
Six “Buffalo” Fans are installed assuring the efficient, depend- 
able, continuous functioning of the steam generating 
equipment. Three “Buffalo” Fans handle forced-draft require- 
ments: 160,500 Ib. air per hr., 6.05 in. wg, 100 F, 37,800 
cfm, single inlet, variable inlet vanes, class Il, two motor- 
driven, one motor- or turbine-driven. 


The other three “Buffalo” Fans perform the induced-draft 
job: 180,900 Ib. gas per hour, 4.6 in. wg, 405 F, 63,000 cfm, 
single width, single inlet, one unit set up for dual drive, 
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two motor-driven, one motor- or turbine-driven. Selection 
of “Buffalo” Fans for this type of demanding service reflects 
the confidence of engineers, contractors and owners in our 
mechanical draft fans . . . earned by our 80 years of engi- 
neering experience and manufacturing integrity. Such confi- 
dence is equally inspired by the famous “Q”. Factor — the 


BUFFALO 
BUFFALO, 


Canadian Blower & Forge 


VENTILATING AIR CLEANING AIR TEMPERING 


FORCED DRAFT COOLING HEATING 
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INCORPORATES 


built-in Quality which provides trouble-free 
satisfaction and long life in every “Buffalo” 
product. Let us solve your mechanical draft 
requirements satisfactorily, economically, reli- 
ably. Contact your nearest “Buffalo” Engineering 
Representative, or write us for full information. 


FORGE COMPANY 
NEW YORK 

Co., Ltd., Kitchener, Ont. 

INDUCED DRAFT EXHAUSTING 


PRESSURE BLOWING 
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J-M 85% Magnesia offers excellent workability 


... from application to finished coat. 


Install lasting fuel savings and lower maintenance costs 


... with J-M 85% Magnesia insulation! 


At temperatures to 600F, no insula- 
tion is so widely used, or so closely 
associated with economy and increased 
operating efficiency as 85% Magnesia. 
Any wonder, then, that 71% of insula- 
tion maintenance engineers respond- 
ing in a recent survey made 85% 
Magnesia their first choice in its tem- 
perature range. 

There’s good reason for this over- 
whelming acceptance. For J-M 85% 


JOHNS MANVILLE 


Johns-Manville INSULATIONS 


MATERIALS ¢ 


PRODUCTS 
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Magnesia offers many practical ad- 
vantages in both installation and serv- 
ice. Lightweight and readily workable, 
85% Magnesia assures fast, easy appli- 
cation. In operation, it provides the 
ultimate in insulating value—long life 
—virtually no replacement—and the 
very minimum of maintenance. 

To assure you maximum value in 
insulation application, Johns-Manville 
offers you complete planning and job- 


ENGINEERING °¢ 
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site service .. . practical reeommenda- 
tions by the world’s most experienced 
insulation engineers, backed up by 
expert installation by J-M Insulation 
Contractors. 


Write today for further information 
on Johns-Manville 85% Magnesia 
Insulation. Address Johns- Manville, 
Box 14, New York 16, N. Y. In Canada: 
565 Lakeshore Road East, Port Credit, 
Ontario. 


FOR LASTING 
THERMAL EFFICIENCY 


APPLICATION 
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OTHER VOGT PRODUCTS 


Drop Forged Steel Valves, 
Fittings and Flanges — 
Petroleum Refinery and 
Chemical Plant Equipment 
Heat Exchangers 

Ice Making and 
Refrigerating Equipment 


Above: Cross Section showing 
arrangement of steam and 
water drums, tubes, baffles, 
and furnace. 


Viola, Texas 


Principle Data Each Unit 


@ 85,000 pounds steam per hour capacity, 
designed for 500 Ibs. $.W.P. and 625° F, 
total temperature. 

®@ Water cooled furnace. 

@ Burners for Gas and Oil fuel. 


Vogt offers a complete line of custom built 
and package type steam generators, Available 
in bent tube and straight tube designs for 
solid, liquid, or gaseous fuels burned singly 
or in combination. 


Write for bulletins. Dept. 24A-BP 


HENRY VOGT MACHINE CO. 
Box 1918, Louisville 1, Kentucky 


SALES OFFICES: New York, Chicago, Cleveland, Dallas, Philadelphia, St. Louis, 
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PHILADELPHIA ELECTRIC COMPANY, EDDYSTONE STATION, UNIT 1 
Capacity — 2,000,000 Ib/hr at 5000 psig and 1200/1050/1050/F. 
C-E Sulzer Monotube Steam Generator 


Section shown is of the high-pressure reheat furnace 
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for Eddystone 
Station 


Philadelphia Electric’s new super-critical 
steam generators at Eddystone Station will 
be equipped with Vulcan Selective-Sequence 
soot blowing systems. Included in the systems 
for Units 1 and 2 are Vulcan T-30 long re- 
tractables with 30- and 37-foot travels, half- 
*tracts with 19-foot travel from 18-foot per- 
manent extension into the furnace. RW-3E 
wall deslaggers and air-preheater cleaner 
controls will also be used. 

Selective-sequence control was chosen be- 
cause it provides positive soot blower opera- 
tion at proper intervals in precisely the 
sequence necessary for effective cleaning. The 
entire blowing cycle will be supervised from 
a compact, completely pre-wired panel. 

Modern Vulcan soot blowing systems, with 
either automatic-sequential or selective- 
sequence control, can help keep your boilers 
operating at peak efficiency. Your Copes- 
Vulcan representative has the ideas, infor- 
mation and experience to help you choose 
the system best suited to your needs. 


COPES-VULCAN DIVISION 


BLAW-KNOX COMPANY 


ERIE 4, PENNSYLVANIA 
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Vulcan RW-3E wall deslagger has dual-motor electric 
drive. One motor extends and retracts the lance, the 
other rotates the nozzle. Action is rapid and positive. 


Rifle precision, with up 
to four complete cycles 
for each soot blower in 
any pre-selected se- 
quence, is controlled 
from this completely 
pre-wired, factory- 
assembled SSC-120 
Vulcan Selective- 
Sequence Controller. 
Long retractables and 
wall deslaggers can be 
inter-mixed in the se- 
quences. 60-station 
Model SSC-60 also 
available, 


LONG RETRACTABLE SOOT SLOWER 


COMPANY 


be 


Bulletin 1030 illustrates 
and describes the Vul- 
can T-30 long retract- 
able soot blower as se- 
lected for Eddystone 
Units 1 and 2, Your 
Copes-Vulcan repre- 
sentative can give you 
a copy, or write direct 
to the factory. 
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BURLINGTON, VT. ELECTRIC LIGHT 


100,000 LBS. PER HOUR WICKES 
IN THE NEW POWER PLANT 


Reve 


At the modern plant of the Burlington, Vermont Electric Department, three Wickes type R 
steam generators provide a powerful and unfailing steam supply. Each unit delivers 100,000 
pounds of steam per hour, contains 7480 square feet of boiler heating surface, and 2320 
square feet of water wall heating surface. Each steam generator is equipped with a supers 
heater, airheater and economizer. These boilers have a design pressure of 1000 psi. This 
modern plant is operated by the Green Mountain Power Corporation. Superintendent of 
Burlington’s Electric Light Department is W. A. Stebbins. 


THE WICKES BOILER CO, 


DIVISION OF THE WICKES CORPORATION 
SAGINAW, MICHIGAN 
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INSTALLS THREE 
~GENERATORS 


Write today for our bulletin No. 55-1 
giving complete facts on Wickes 
products. We also send along our Sohne pi ee 
new engineering bulletins on Type-S 

and Type-A Steam Generators. 


RECOGNIZED QUALITY SINCE 1854 » SALES OFFICES: Albuquerque, N.M. ¢ Boston * Buffalo * Charlotte,N.C. * Chicago « Cleveland 
Dallas * Denver * Detroit « Fort Wayne, Ind. * Houston « Indianapolis * Los Angeles * Memphis * Milwaukee * New York City 
Portland, Ore, * Saginaw Salt Lake City * San Francisco * Springfield, Ill, ¢ Tulsa * Washington, D.C. 
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Sgocpae AND DOUBLE roll crushers, FLEXTOOTH® and 
FLEXROLL® crushers, swing hammer pulverizers— 
Jeffrey makes all the popular types used in power plants, 
large or small. 


Care in selecting the proper type of crusher means the 
difference between an efficient installation and one that 
bottlenecks coal moving through the plant. 

Our engineers will gladly give you complete satisfac- 
tion on your problem, using their years of experience with 
every conceivable crushing case. 

Jeffrey also offers the most complete test history file 
of any manufacturer of crushing equipment, plus a fully 
equipped laboratory where tests on coal in doubtful cases 
will be run at no expense or obligation to you. 

For more information, write for Catalog 784-C. The 
Jeffrey Manufacturing Company, Columbus 16, Ohio. 


which of these 


JEFFREY 
coal crushers 
will meet your 


Top: 42” x 66” FLEXTOOTH for coal reduction 

to minus 1” or ¥%”". 

Center: 42” x 82” Type B Reversible Swing Hammer 
for crushing coal down to minus ¥”. 

Bottom: 20” x 12” Type A-2 Swing Hammer 
Pulverizer for medium and small capacity 
plants, also in sampling operations. 
Reduction down to minus 2" to 10 mesh. 


CONVEYING * PROCESSING * MINING EQUIPMENT 
TRANSMISSION MACHINERY * CONTRACT MANUFACTURING 
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A Record Unmatched In The Industry...» 


Nation’s “Top Six”* 
Power Plants, 
Fly Ash Control 
is by 

Western 


As most power plant executives know, the Federal Power Com- 
mission annually “rates” the major steam power plants of the United 
States to determine their overall thermal efficiency as represented by 
their heat rate (i.e., BTU of fuel consumed per KWH of generated 
power). 


*The “Top Six” steam plants according to the most recent Fed- 
eral Power Report are...1. Kyger Creek Plant (Ohio Valley Electric) 
..2. Clifty Creek Plant (Indiana-Kentucky Electric)...3. Kanawha 
River Plant (Appalachian Electric Power)...4. St. Clair Plant 
(Detroit Edison)...5. Muskingum River Plant (Ohio Power)...and 
6. Tanners Creek Plant (Indiana and Michigan Electric). 


We at Western Precipitation Corporation, take great pride in 
the fact that—in EVERY ONE of these “Top Six” plants— 
the equipment selected for fly ash contro. is WESTERN 
PRECIPITATION equipment. 


Could there be any greater testimony to the outstanding superi- 
ority and unsurpassed efficiency of Western Precipitation fly ash 
control equipment? 


Western Precipitation Corporation 


Designers and Manufacturers of Equipment for Collection of Suspended Material from Gases 
..and Equipment for the Process Industries 


corraent Electrical Precipitsters Main Offices: 1049 WEST NINTH STREET, LOS ANGELES 15, CALIFORNIA 
MULTICLONE Mechanical Collectors Chrysler Building, New York 17 « 1 North La Salle Street Building, Chicago 2 * Oliver Building, 


Pittsburgh 22 3252 Peachtree Road N. E., Atlanta 5 Hobart Building, San Francisco 4 


HOLO-FLITE Processors Precipitation Company of Canada Ltd., Dominion Square Building, Montreal 
Representatives in all principal cities 
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AERIAL VIEW OF TORRING- 
TON’S EXCELSIOR PLANT, 
TORRINGTON, CONN. Tor- 
rington is world renowned 
for its manufacture of bear- 
ings, needles, bicycles and 
metal specialties. 


ONE OF TWO UNION TYPE 
MH PACKAGED BOILERS 
serving Torrington's Excelsior 
Plant. Equipped for oil firing, 
this unit has a steam capacity 
of 15,000 Ibs./hr. at 250 
psi. 


Torrington racks up *12,500 savings in year 


with first of two Union Packaged Boilers 


Selected because its “construction and design appeared GET FULL DETAILS 
better than others . .. physical size fitted into plans,” including cut-away 


a 20,000 Ib./hr. Union Type MH Steam Generator illustrations, tube layouts 
was installed in the Excelsior Plant of The Torrington and ‘teataniines tables 
Company in October, 1955. by writing for 
Providing steam for process and space heat, the new Bulletin MH-353. 
boiler quickly proved its worth. In October 1956, as 
a second MH Unit (15,000 Ibs./hr.) was placed in 
operation, Torrington had this to say about the first: 
“Estimated savings for the first year are $12,500, as 
compared to our old coal burning hand fired boilers.” 
Throughout industry, numerous concerns report like 
economies as the result of modernizing with modern 
Union Type MH Steam Generators. 
Completely shop-assembled at Union Iron Works for 
delivery via rail or truck, Union Packaged MH Units 
are patterned after larger but similar field erected 
Type H Boilers, originated by Union over 17 years ago. 
With standard units designed in 13 sizes from 10,000 
to 50,000 Ibs. of steam per hour, Union Packaged 


Steam Generators can be readily equipped to handle UNION IRON WORKS 


multitudes of needs formerly requiring costly field ERIE, PENNSYLVANIA 
‘erection and special engineering. ‘ 
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HARBISON-WALKER 
REFRACTORIES 


for every boiler 
furnace requirement 


H-W Plastic Fire Brick 


Marine 
Boiler 
Anchor 
Tile 


PLASTIC 
MOUTH 


Plastic Chrome Ore 
for Slag Tap Bottoms 


Madein Highly 
HARBISON- WALKER 
all the REFRACTORIES CO. refractory 


various j cold-set 


TRADE mare 
classes @ mortar 


power plant requirements are pro- 4 omnis) 
duced in many states. Transporta- 
tion time and cost advantages are 


REFRACTORIES 
— FOR ALL REQUIREMENTS 


HARWACO 
BOND 


Re ; To meet the wide variety of operating con- 

sed ditions that exist in steam power generating 
plants, Harbison- Walker provides the complete 
range of refractories from which can be select- 

ed the exact types and brands for the most 


Warehouse stocks of Harbison- 
economical service. 


Walker refractories are available in 
many cities and towns in North 
America and in various other 
countries. 
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REFRACTORY BRICK 


The various brands of Harbison-Walker refrac- 
tory brick used for walls, bottoms, arches, stacks, 
ash pits and other services, comprise all classes of 
fireclay and high-alumina refractories. These pro- 
vide the kinds needed in boiler settings of every 
type and for all fuels and operating conditions. 
H-W high alumina brands are especially suited 
for maximum resistance to the exceedingly cor- 
rosive ash of oil, coal and organic refuse, includ- 
ing wood waste and bagasse. 


PLASTIC REFRACTORIES 


Harbison-Walker plastic refractories are widely 
used for the construction of arches, target walls, 
baffle walls, burner ports and irregular shapes, 
as well as for making quick and economical 
repairs. These plastic refractories are made in 
both standard and super-duty classes. They are 
easy to install with the various H-W anchors and 
form durable one piece structures. 


PLASTIC THERMOLITH BATCH 


is a chrome refractory and because of its chemical 
composition and dense impervious texture when 
heated, gives outstanding service in bottoms of 
slag tap boiler furnaces. 


CASTABLE REFRACTORIES 


Among various kinds of Harbison- Walker castable 
refractories used in boiler plants with great benefit 
are: standard and super-duty grades, extra 
strength, high-alumina, chrome and lightweight 
classes as well as the baffle mix especially adapted 
for this application. The wide variety of these 
specialized castables provides for every particular 
need 


Harbison-Walker 
can solve your 
refractories 
problems 


INSULATING REFRACTORIES 


Harbison-Walker insulating fire brick are made 
in eight different brands, each of which is suitable 
for use over specific temperature ranges and 
various other operating conditions. Other insu- 
lating refractories are available in the form of 
lightweight castables, block insulation and min- 
eral fiber coating. 


MORTARS 


Harbison-Walker produces both hot and cold- 
setting mortars of various compositions having 
special characteristics for the many varied 
applications. 


HARWACO MASTIC 


is a specialized prod- 
uct having a consist- 
ency similar to stiff 
putty which makes 
it ideally suited for 
plastering with a 
trowel as for exam- 
ple, in sealing the 


Typical boiler wall construction with 

V-shaped spaces at 1” of HARWACO MASTIC backed 

° with a 10-gauge steel casing and 

the exterior face of superimposed H-W BLOCK INSU- 
tangential tubes in LATION 


water-wall boilers. 


Technical service based on the most extensive experience and 
research is freely offered for assistance in determining the 
refractories best suited for each specific requirement. 


‘TADDTANNIT TAT 
STEEL 
CASING | 
3 
2 
STEEL 
CASING 


years ago 


WING 
advertised in Power 


WING’S TURBINE FAN SYSTE | Here at left is an advertisement 
' which appeared in POWER just 
a half century ago. This Wing 


Turbine Fan System was the new- 
means guaranteed economy of 


* fuel, increased boiler capacity, est and most advanced means of 


absolute simphicity 


providing mechanical draft for 
“Ifst and operating costs iess 


than any other system and boilers at that time. 
equals the results of the best 
Requires no Hoor space and 
ittle attentior 


Catalogue aives full deta 


L. J. WING MFG. CO., iso tives se 


Atter May let YO Weet St. Cor. Codar 


Today... 


Wing Dual Drive Blowers, such as shown 
on right, are the last word in forced draft 
fans, combining both steam turbine and 
electric drive in a single blower unit. 
Changeover from one drive to the other is 
easily made as conditions or requirements 
dictate. They are package units, completely 
assembled and ready for easy installation. 
Either vertical or horizontal mountings 


available. Send coupon below for details. 
DUAL DRIVE 
| * J. Wi ng Mfo. Co. 50 Vreeland Mills Road, Linden, N.J. BLOW e RS 
DIVISION OF AERO SUPPLY MFG. CO., INC. 


Factories: Linden, N.J. and Montreal, Canada L. J. Wing Mfg. Co. 
50 Vreeland Mills Rd., Linden, N.J. 


| Please send engineering data about Dual Drive 
| Forced Draft Blowers. 


' 


| WING WING 
TURBINES | | DRAFT INDUCERS 


Name 


WING FRESH AIR 
SUPPLY HEATERS | WING FANS 


State........ 
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here are typical © 
comments on the 
KEELER CP 

from actual use 


low cost steam for 
power, process and 
heat requirements 


When the KEELER CP BoILer was introduced in 1935, it launched a new 


era in steam generation equipment. Then, for the first time, furnace water 
wall design was available in a “package unit”. Its practical approach and 
immediate popularity made it probably the most talked about, most copied 
boiler ever invented—and it’s still a pacesetter today! 


reports... 


e ‘‘Fuel savings of 


approximately 
$700 per month” 


e ‘Reduction of 
25% over cost 
of operating 
previous boilers” 


e ‘Operating 
almost 
continuously at 
200-250% of 
rating and main- 
tenance is ata 
bare minimum” 


KEELER TYPE CP 


High efficiency with in- 
duced or natural draft 
operation. Designed for 
all types of fuel—coal, 
oil, natural gas or waste 
gas —and readily con- 
vertible at minimum cost. 
Available in capacities to 
150,000-Ibs. of steam 
per hour. Many sizes can 
be shipped ‘‘shop as- 
sembled"’. 


Installations of the KEELER CP BoILer read like 
an international ‘““‘Who’s Who”! The reason is simple 
and proven . . . the CP provides a reliable, efficient 
source of low cost steam for power, process and heat 
requirements! 


An all-purpose boiler, the CP delivers more steam 
capacity in a given space and has a larger combus- 
tion chamber with less head room than other types. 
It’s a fully steel encased and insulated water tube 
steam generator with water cooled walls. Water cir- 
culation is a free and unrestricted flow to permit 
operation at high overloads. Longitudinal steam 
drum provides greater steam disengaging area, ex- 
ceptionally dry steam and no disturbance of the 
water level. 


KEELER TYPE DK gives you packaged 
power for limited space requirements 


Comparatively wide and short, the KEELER DK is a compact, low 
cost package unit for use where long steam generators of other types 
cannot be accommodated. Made in oil or gas fired units with capac- 
ities from 8,000 to 50,000-lbs. of steam per hour. Furnace sides, roof 
and floor, as well as front and rear walls are water cooled and insulated. 


WRITE FOR BULLETINS . . . No. F-14 on Type CP Package Boilers; No. DK-1 on 
Type DK Package Boilers; No. M-2A on Type CPM Package Boilers; No. MK-1 
on Type MK Boilers. E. KEELER COMPANY, 200-300 West Street, Williamsport, 


Penna. 
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Photo above shows a shipment of four Keeler Type 
CPM steam generators leaving the factory for quick 
hook-up in a railroad shop installation. 


KEELER CPM 
tube spacing provides 
full heat transfer 


(0) 


economical forced draft, 
burning equipment and accessories attached. Pressures to 500 
psi, steam capacities to 34,000-Ibs. 


KEELER 


A modification of the CP for gaseous and liquid fuels use. An 


Type CPM 


pressurized furnace unit complete with 


per hour. 


The KEELER CPM STEAM GENERATOR is a modi- 
fication of the popular CP boiler in the package size 
range, developed as a pressurized furnace for forced 
draft operations. 


Typical of this package steam generator’s features 
is the “staggered tube spacing”’’ illustrated above. 
Maximum heat transfer is assured by wide and nar- 
row spacing at right angles to the gas flow—gases 


must completely surround the tubes as they travel 
from furnace to gas outlet! A tube can be replaced 
when necessary without disturbing any other tube. 


The KEELER CPM is an economical package steam 
generator, completely steel encased and insulated, 
with water cooled furnace sides. Write for illustrated 
bulletin containing full specifications. 


YESTERDAY, TODAY, TOMORROW... KEELER BOILER EFFICIENCY AND 
DEPENDABILITY AVAILABLE IN A SIZE UNIT FOR YOUR REQUIREMENTS 


The Seal of Quality in Water Tube Boilers 


— ESTABLISHED 1864 — 


E. KEELER COMPANY 


200-300 West St. « 


— OFFICES IN PRINCIPAL CITIES — 
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Enos and Enoco... 


a dependable Coal source 
or you, too! 


con 


@ The Enos Coal Mining Company is proud to 
be a major supplier of high quality washed 

5th Vein Coal to the electric utility industry. The 
Enos Mine, largest producer in Indiana with 
70,000,000 tons in reserve, and the Enoco Mine, 
with 40,000,000 tons in reserve, are available 

to dependably supply any large user. The growth 
and expansion of the electric utility industry 
dictates a similar growth at the Enos and Enoco 
mines. Both mines constantly improve mining 
efficiency and tonnage capability by investment 
in more modern mechanical equipment. Our 
production schedules for 1957 have been 

geared to meet the increased demand of coal’s 
largest customer —the electric utility... 


and yours, too! 


THE ENOS COAL MINING COMPANY 


Sales Offices for Enos and Enoco Coal 
1405 Merchants Bank Building, Indianapolis 4, Indiana * 332 South Michigan Avenue, Chicago 4, Illinois 
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WHAT'S 
SPECIAL 
ABOUT 


LJUNGSTROM’S® 


easy aintenance 


Ljungstrom maintenance is fast and easy because 

it, too, is a “designed-in” function of the preheater. 
Necessary work has been foreseen by such money-saving 
features as: 


@ Self-cleaning action that loosens deposits by 


expansion and contraction—coupled with high-velocity 
soot blowers for daily in-operation purging. 


e Cold-end heating elements are factory packed— 
can be easily replaced, or reversed when one edge 
starts to thin...which is vital for cold end 
service and essentially doubles surface life. 


e Large inspection port and vapor-proof light to permit 
observation of heating surface, even during operation. 


e@ Trained service engineers make periodic visits and 
are available on short notice for special problems. 
That’s why seven out of ten installations are Ljungstrom., 
Por the full story write for our 38-page manual. ' 


The Air Preheater Corporation, 60 ew vot 17, 0.7, 
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POWER AND PROCESS PLANT EQUIPMENT 


Specialists Problems Involving AIR 


© Draft Fans—Forced and Induced 

® Economizers—Steel, Cast Iron Tubes 
® Ventilating Fans—Tunnels, Shafts 

© Dust and Fly Ash Collectors 

© Air Filters 


Bulletin 168 


Draft Fans, Conventional Types) 
For more than 50 years, in this country and since 1845 in 


England, Green Fuel has specialized in problems involv- BREEN 
ing AIR...in the handling of it and in the cleansing of it. Aijoi. Fons 
Green Engineers are well experienced in such work. oy 
Today, for power and industrial use, Green Fuel Engi- 

neers, offer a full line of equipment for just such purposes. 

They will be glad to discuss any problems you may have. 


VELL 


POWER AND PROCESS PLANT EQUIPMENT 


FUEL ECONOMIZER COMPANY INC. 
BEACON 3, NEW YORK 


Representatives in Principal Cities 


Bulletin 168-AF 
Draft Fans, Airfoil Type 


Bulletin 169 
Economizers 


Indwatvial 


Dast 
Collection 


Bulletin 175 Bulletin 172CFF Bulletin 171 Bulletin 170 
SureSeal Air Filter Dust Collectors—Packaged Dust Collectors Fly Ash Collectors 
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WHAT'S © 

SPECIALS 

ABOUT 
LJUNGSTROM® 


structural details? 


...many things. 


And all make air preheating with a O) 
Ljungstrom more economical, less 
troublesome. The Ljungstrom offers these 
refinements: 


¢ The welded steel rotor is strong enough 
to support the heating elements without 
strain, yet flexible enough to withstand 
extreme temperature variations. 


¢ An inspection port and strategically 
located access doors reveal any 
maintenance needs and make replacement 
work routine. 


* A mass flow soot blower is installed as 
original equipment at the cold end where 
deposits are most apt to accumulate. 


The hot ing surface is made.from 
open hearth gteehsheet and the told ‘end 
from low-alloy 


corrosion is norma 
The Air Preheater 


¥ Confined to the cold en 

is constansi 
working to improve Ljung: ee, 
surfaces, seals, ings, and r 
structural details. d, in general, these 
improvements can be applied to existing 
units with only minor changes and at 
nominal cost. Another reason wh¥iseven 
out of ten air preheating installations are 
Ljungstrom. For the full story on how the 
Ljungstrom design and construction can cut 
your fuel costs, increase plant efficiency, 
write for our 38-page manual. 


The ‘Air Preheater Corporation, +200 new vor 17, 
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At right is a typical AE Vibra-Grate 
Stoker installation—shown at plant 
of S. C. Johnson & Son, Inc. (makers 
of Johnson wax products), Racine, 
Wisc. In operation since Oct. 1954, 
no maintenance has been required. 
The load fluctuates rapidly but it 
operates smokelessly and neither 
needs nor uses a dust collector or a 
cinder return. 


Write us for latest performance re- 
port on this remarkable stoker...the 


VIBRA-GRATE 


Made by the makers of the Taylor and Perfect Spread Stokers 


-—AMERICAN ENGINEERING— 


COMPANY 
S-100 WHEATSHEAF LANE & SEPVIVA STREET, PHILADELPHIA 37, PA. 
Canadian Subsidiaries: Affiliated Engineering Corporations, Ltd., Montreal, P. Q....Bawden Industries Ltd., Toronto, Ont. 


AE products are: Taylor, Perfect Spread and Vibra-Grate Stokers, Hele-Shaw and Hydramite Fluid Power, Lo-Hed Hoists, 
Lo-Hed Car Pullers, Marine Deck Auxiliaries. 
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WHAT’S 
SPECIAL 
ABOUT 
LJUNGSTROM® 


fuel-saving performance? 


With a Ljungstrom, heat need 
not pass through a barrier. It’s 
apsorbed and released by the 
same heating surface—as the 
surface moves from flue gas to 
combustion air. 


Size for size, this continuous 
regenerative process offers the 
most efficient heat recovery 
possible, plus: 


® Greater boiler reliability, 
since fuel is burned more com- 
pletely. 


@ Less boiler maintenance, due 


75TH ANNIVERSARY 


to reduction of slagging. 


@ Fuel savings of about 1% for 
every 45-50°F of preheat. 


@ Increased boiler output due 
to higher operating tempera- 
tures. 


e Lower grade fuels can be 
used because combustion air is 
preheated. 


That’s why seven out of ten air 
preheater installations are 
Ljungstrom. For the full story, 
write now for your copy of our 
38-page manual. 
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In the fabrication and erection of every high pressure 
and/or high temperature piping installation, there are 
intangibles important to the success of the job ... things 
that cannot be spelled out in the specifications but are 
essential to getting superior piping at an economical price. 

Important among these is the experience of the 
fabricating and construction organization... experience 
on all kinds of projects so that the possibilities and 
limitations of all piping materials are well understood. 
Midwest has fabricated and erected the piping on many 
critical jobs ... including numerous atomic energy proj- 
ects and Kyger Creek (the largest steam power plant 
ever handled completely by one piping contractor). 

Another is a questioning attitude ...a frame of mind 
that habitually asks (before the job is placed in the 
shop for fabrication): “Have the pre-fabricated sub- 
assemblies been so planned that the field work is 
minimized and simplified as much as possible?” Highly 
skilled Midwest piping engineers carefully analyze 
every job with this question in mind. 


For power plant or process, the customer gets the 
most for his money when he buys Midwest Piping. 


Main steam piping at Kyger Creek Plant which has a capacity of 1,075,000 kw 
and is the largest power plant piping contract (combining fabrication and 
erection) ever performed by a single contractor. 


MIDWEST PIPING COMPANY, INC, 


Main Office: 1450 South Second St., St. Louis 4, Mo. 
PLANTS: ST. LOUIS, CLIFTON, N. J. and LOS ANGELES 


SALES OFFICES: 
ASHEVILLE (BOX 446, SKYLAND, N. C.) ° BOSTON 27—426 FIRST ST. 
CHICAGO 3—79 WEST MONROE ST. e CLEVELAND 14—616 ST. CLAIR AVE, 
HOUSTON 2—1213 CAPITOL AVE. e LOS ANGELES 33—520 ANDERSON ST. 
MIAMI 34—2103 LE JEUNE RD. ° NEW YORK 7—50 CHURCH ST. 
ONEIDA, N.Y.—282 NORTH MAIN ST. ¢ SAN FRANCISCO 11—420 MARKET ST. 


7670 


MIDWEST PIPING FABRICATION 


AND CONSTRUCTION 


PIPING | 24 
eS\ 
PIPING SERN pa} 
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A Buell Cyclones offer ex- , Which is the best 


clusive Shave-off which 
harnesses double-eddy 
currents and puts them to dust collection system7? 
work, large diameter de- 
sign which eliminates 
bridging and clogging. 


Five factors influence the choice of a dust collection system: 
Buell “SF” Electric Pre- dust characteristics, gas characteristics, efficiency required, 


cipitator delivers extra installation and operation costs, and limitations of space or draft 
through use of unique loss. In every installation, exclusive Buell features provide 


high emission, selftension- extra efficiency. A booklet, “The Collection and Recovery of 


ing Spiralectrodes and ex- 
clusive Continuous Cycle Industrial Dusts”, provides valuable, 


Rapping. specific details. Just write Dept. 50-I, 


Buell Engineering Company, Inc., 
Cyclone-Precipitator ‘ Pig 70 Pine Street, New York 5, New York 


Systems combine exclu- 
sive Buell features for 
extra efficiency where ex- 
tremely high performance 
standards must be met. 


Experts at delivering Extra Efficiencyin DUST COLLECTION SYSTEMS 
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Hoffman Traps provide improved 
design to function more effectively 
and economically in removing con- 
densate from steam lines and 
equipment. 

Hoffman engineers have antici- 
pated steam requirements that de- 
mand less maintenance time and 
operating costs. Typical of 

Featuring LOW MAINTENANCE COST Hoffman’s complete line are the 


Float and Thermostatic Traps are Traps illustrated, each with remov- 
so designed that all working parts able cover, pin and seat for quick 


of the trap are a part of the re- inspection and cleaning. 
movable cover. Once installed 


there is no necessity for the break- 
ing of any pipe connection for LOW, MEDIUM & 
cleaning and repairing. HIGH PRESSURE 
1. Compact Thermostat Assembly 
2. Durable, accurately machined 
Valve Lever and Seat Assembly 
3. Copper Float Ball Assembly 
4. Graphite impregnated Asbestos Gaske? 
5. Heavy Duty Cast Iron Cover 


BUCKET TRAP 


1. Cover assembly with 
plug, valve seat, valve 
seat holder. 

. Bucket assembly with 
lever, valve stem, 
bucket pin, lock nut and 
bucket. 

Body assembly with 
gasket and bottom 
drain plug. 


RENEWABLE THERMOSTATS 
and VALVE SEATS 


HIGHLY EFFICIENT A complete line of Low, Medium and 

AND EASILY High Pressure Thermostatic Traps 

ACCESSIBLE for service with radiation, dryers, 

sterilizers, mangles, cookers and sim- 

Ls INTERIOR DESIGN ilar uses. Renewable thermostats and 

seats are important constructional 

Hoffman Bucket Traps operate intermittently and are ideal for draining features contributing to long life, low 

condensate and air from steam lines or vos eg where large quan- cost service. Medium and High Pres- 

tities of air and condensate must be discharged. They are easily in- sure Traps have stainless steel pins 
spected, cleaned and serviced by merely removing the cover assembly. and renewable seats. 


For full particulars, write for catalogs on Bucket Traps, Float and Thermostatic Traps or Thermostatic Traps 
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Tomorrow’s new plants 
will save valuable 
boiler room floor space 


cee . with the 


WATER TUBE BOILER 


you can put if on the roof— 
on a balcony—or hang it 


produces up to 4 h.p. per sq. ft. of area + 
from the ceiling 


@ Develops up to 27 H.P. per 1000# of weight. 
@ Produces up to.6 H.P. per cubic ft. of space used. 


@ Needs only 15” above top of boiler for 
maintenance. No additional floor space 


FOR YOUR STEAM 


@ Can produce 10% or more above ratings, 
continuously. 


@ Full ASME approved. 


@ It is a complete package unit. 


@ Proved by 25 years in America’s toughest 
boiler rooms. 


OVER 13,000 
SATISFIED USERS” 


Write for complete specifications on the boiler VAPOR HEATING CORPORATION, 80 E. Jackson Blvd., Chicago 4 
that requires less space and permits lighter floor DEPT. 14-1 
structure—The Vapor Modulatic. Send me Modulatic Bulletin No. 586. 


Name 


Company __ 
Address 


City. 
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_. American Blower Air-Handling Equipment 


Proved efficiency 


American Blower Induced-Draft Fans offer high — and welded; fan rotors carefully balanced; all parts are 


static efficiency at low rpm. Like all American Blower minutely inspected for dimensional accuracy. They 
mechanical-draft equipment, they are accurately formed require a minimum space and minimum maintenance, 


Dust-laden air or 
gas enters inlet ple- 
num; gravity and centri- 
fugal action force dust 
downward, adjacent to 
tube wall; dust is skim- 
med into gas-tight re- 
ceptacle; cleaned air or 
gas moves upward 
through outlet tubes to 
outlet plenum. 


Series 342 Precipitator is easy to install and very effective in 
controlling fly ash. The over-all performance of each tube is 
comparable to the high efficiency of a small-diameter cyclone. 
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maximum. 


performance! 


American Blower 
Mechanical Draft Fans 


To meet the peak efficiency demanded of 
mechanical-draft equipment today, you'll be 
better off if you select spacesaving and 
efficient American Blower Mechanical Draft 
Fans. 


Combining modern manufacturing meth- 
ods with perpetual research and develop- 
ment, American Blower produces complete 
fan equipment for all types of mechanical 
draft. These induced-draft or forced-draft 
fans will fit your exact specifications with 
minimum maintenance and minimum boiler 
“outage.” 

If you are investigating mechanical-draft 
equipment—for new or existing installa- 
tions—you’ll do well to check on American 
Blower’s line of Mechanical Draft Fans with 
guaranteed performance ratings. We wel- 
come the opportunity of quoting on your 
requirements. 


Forced Draft Fans for quict indoor or outdoor installations. Heavy, 
reinforced housings and wheel-shaft assembly mean longer life, while 
special streamline inlets give utmost efficiency. 


American Blower Precipitators 


For maximum collection efficiency, choose the best— 
a dependable American Blower Precipitator! 

Your fly ash problems can be met by installing a 
Series 342 Fly Ash Precipitator which offers good 
efficiency over the normal operating range, while 
it gives reliable, trouble-free performance. 
~ American Blower’s line of Fly Ash Precipitators 
and Dust Collectors has gained wide acceptance in 


leading public utilities and industrial plants. 

For complete information on American Blower 
Dust Collectors and Precipitators as well as other 
air handling products, call our nearest branch, or 
write direct. American Blower Division of American- 
Standard, Detroit 32, Michigan. In Canada: 
Canadian Sirocco products, Windsor, Ont. 


AMERICAN BLOWER 


Division of Amertcan-Standard 


QUALITY PROTECTS YOUR INVESTMENT... American-Standard QUALITY IS AVAILABLE AT NO EXTRA COST 
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THE SPECIAL cust and oxidation inhibitors 
(R&O) in Texaco Regal Oil RGO assure your tur- 
bines a wide additional margin of safety—protection 
against any unforeseen increase in severity of oper- 
ating conditions. And this added protection lasts 
throughout the long service life of the oil. 

Even under severest conditions, rate of neutraliza- 
tion number rise is much slower for Texaco Regal 
Oil RGO than for ordinary turbine oils. And Texaco 
Regal Oil RGO has proved, in turbines of every type 
and size, its ability to keep systems clean, to prevent 


THIS WESTERN power plant (name on 
request) has a total capacity of 214,000 
kw. All turbines are lubricated exclusively 
with Texaco Regal Oil R&O. 


rust, sludge and foam, to assure normal bearing 
temperatures and instantaneous governor response. 

There is a complete line of Texaco Regal Oils RGO 
to meet the exacting requirements of all leading tur- 
bine builders. A Texaco Lubrication Engineer will 
gladly help you select the proper one. 


JUST CALL the nearest of the more than 2,000 Texaco 


Distributing Plants in the 48 States, or write: 
The Texas Company, 135 East 42nd Street, New 
York 17, N. Y. 
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Tomorrow’s equipment for 


MECHANICAL 
Power 


Steam turbines may reach beyond 750-mw rating by 1980 
with paralleled multicasings on both the h-p and |-p ends. 
Crossover ties may gradually bow out to crossunders 


Higher temperatures, greater capacities, wider applications 
are shaping up for gas turbines, even with present materials 


Supercharging to bmep’s in the 300-psi range will boost 
specific output of internal-combustion engines sizably 


Pumped storage plants for hydro systems will get increas- 
ing attention to provide peak power and seasonal storage 


Space limitations and heat dissipation, in face of tougher 
hp requirements, challenge future power-transmission units 
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5010150 mw, single reheot, 2 cylinders, double flow 


Genérotor 
L-p L-p 


How much capacity in one unit? 


Relentlessly expanding demand for more power inevitably means that 
our future turbine-generators must grow to carry ever-larger burdens. 
Improved cooling of generator field and stator windings has effec- 


tively removed any practical capacity limitation of the electrical end 
of the unit. Turbine limitations depend on shaft lengths, inlet and 


125 to 250 mw, single reheot, 3.cylinders, triple flow 


Reheoter 
H-p /-p L-p 


200 to 300 mw, single 


reheot, 4 cylinders, quadruple flow 


H-p 
Reheoter 


/ 


L-p Generotor 
L-p 


Generator 


300 to 500 mw, single 


Super- 
pressure 


Reheoter 


l-p Generotor 
/-p L-p 


reheot, 6 cylinders, sextuple flow 


Generator 


Reheoter 


q 


| /-p 


400 to 600 mw, double reheot, 8 cylinders, octuple flow 


150 to 400 mw , double reheot, 6 cylinders, quadruple flow 


exhaust bucket lengths, steam passage cross-sectional areas, mate- 
rials and inlet steam pressures and temperatures to name the most 
important. Mechanical limits can be largely overcome by multi- 
casing arrangements with overall capacities as high as 600,000 kw. 


Some tandem-compound units 


Using a single shaft to drive one generator 
simplifies the installation and operation of the 
electrical end of the unit. Tandem compound- 
ing of several turbine casings on one shaft with 
increasing numbers of parallel steam flows at 
the low and intermediate pressures makes it 
possible to build units with capacities of 300 mw. 


Cross-compound hookups 


To avoid units with excessive shaft 
length at the higher capacities, indi- 
vidual turbine casings may be arranged 
on two shafts. These cross-compound 
units allow versatility of casing ar- 
rangement to achieve compactness and 
simplify control of load division be- 
tween shaft groups. Capacity of smaller 
cross-compound units have about same 
range as larger tandem - compound 
units. Cross compounding avoids some 
design problems in reheat units that 


Generator —_ complicate layout of single-shaft types. 


To achieve maximum capacities with 
more or less conventional casing de- 
sign, quadruple exhaust flow will be 
used on each of the shafts, giving en- 
tire unit an octuple exhaust flow, eight 


Generotor steam-flow passes in parallel. Two con- 


densers, one for each shaft, will prob- 
ably be used to handle exhaust steam 
for entire unit. Super- and very-high- 
pressure elements will be used on only 
the largest capacity units because of 
high flow rates needed for good first- 
stage blade proportion. 


Reheoter 
| af 
H-p /-p 
Generator 
H-p L-p 
Reheaters, 
Generotor 
/-p L-p 
? 200 to 300 mw, single reheat, 4 cylinders, quodruple flow | 
Low i-p L-p 
Reheoter 
| I-p 
3 | 
L-p 
L-p 
7. 


Steam turbines 


Squeezing more kw out of less 
metal will change the look of 


our future “work horses” 


The irresistible trend to large size units since the 
inception of the electric-utility industry will carry 
on indefinitely into the future. Several factors 
make this trend a continuing challenge to turbine 
designers. First, we have the ever-growing needs 
for more energy by all segments of the U.S. econ- 
omy—industrial, commercial and residential. This 
can be met by installing additional units as needed. 
But as the total load grows it quickly becomes ap- 
parent that we'll have too many units to handle 
conveniently. 

Second, inconvenience of having a large number 
of units on a generating system can be reduced by 
making the new added units produce a greater 
amount of energy. This gives us a bonanza; by 
reducing the number of operators needed per kw 
we save in operating costs; by getting more kwhr 
per unit we save in investment costs per kw; and 
finally, larger machines pay off in better efficiency. 


Turbine capacity 

In 1946, average size of new units being installed 
was 34 mw compared to a maximum capacity of 
150 mw. No reheat units were reported. 

In 1956, average size had grown to 112 mw with 
maximum capacity ranging around 260 mw. Reheat 
units comprised about 90% of the total new capac- 
ity being installed. 

If this trend continues, average size units in 1980 
might run about 350 mw with the maximum rang- 
ing up to about 750 mw. While this may sound 
fantastic, some turbine designers believe it would 
be feasible to build a 1000-mw unit today. 
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The turbine designer must lay out his unit within 
the limitations of the materials at his command. 
He finds limits in the strengths of the materials, 
the size of rotors he can build for specified speeds, 
the weights that can be supported between bearing 
spans. To develop large shaft outputs the unit must 
be made up of separate casings (individual tur- 
bines) coupled together on a common shaft axis, 
diagram, opposite page. This is known as tandem 
compounding. 

As required capacity grows, more casings are 
needed to develop the specified output. Beyond a 
certain level, it pays to hook up the casings on two 
parallel shafts to make the unit more compact and 
avoid overly long shafts; this is cross compounding. 


Turbine arrangements 

Crucial factor in turbine design is the terrific ex- 
pansion steam undergoes as its pressure drops 
while flowing toward the exhaust. The turbine 
must have blade passages large enough to accom- 
modate this steam flow efficiently at the exhaust 
end, normally operating at about 0.5 psia. 

Since the early days of steam turbines, flows 
have been placed in parallel at the exhaust end to 
accommodate the |-p steam, an arrangement con- 
ventionally called double flow. When we need 
ratings of 800 to 1000 mw it will be necessary to 
have 8 |-p flows in parallel to handle exhaust, dia- 
gram, facing page; these will be preceded by inter- 
mediate casings paralleled for quadruple flow and 
h-p casings in double flow. 

Designers can mitigate the degree of paralleling 


CROSSUNDERS for a closed-coupled cross-compound unit 
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Of all the wide variety of losses in a well-designed power plant, 
such as: boiler, feed pump, heat transfer, mixing, mechanical, 
electrical, turbine, and others, the fluid dynamic losses of 
steam flow through turbine blading account for one-third of 
the total. Reduction of any of these losses can make an appre- 
ciable contribution to overall station efficiency. 

Realizing the economic significance of these turbine losses, 
the turbine manufacturers make determined efforts to learn 
their cause and investigate methods of eliminating or at least 
minimizing them. Diagram, left, shows some of the blade 
losses that contribute to both loss of thermal efficiency and 
loss of capacity in the steam turbine. 

Skin friction losses depend on interference between steam 
flow and surface of blades and bounding walls. They depend 
on the relative amount of area in contact with the flow and the 
roughness of the surfaces. Using fewer blades and smoother 
surfaces may help reduce these losses. 

Separation losses are caused by loss of contact between 
steam flow and blade surface. This reduces the total force 
Secondary flow exerted on the blade by the steam. Secondary flow losses are 
(high velocities caused by high-velocity elements in the steam dissipating them- 
centrifuged out) selves in vortices without working on the blade. Leakage losses 
originate in steam by-passing blade passages. 


Seporation 
(loss of contoct 


fe by increasing the exhaust flow cross-sectional area 
= through lengthening the last-stage blading. Present 
ES : limits are 26 in. for 3600-rpm units and 46 in. 
ke More heat - saving tricks will for 1800-rpm turbines. As stronger blading mate- 
@ rials evolve from continuing metallurgical research 
scavenge every possible Btu and as designers invent new tricks of layout with 
e current materials, these exhaust blades will be built 
to produce useful kwhr output longer and longer. 
a Another step recently taken to compact large 
cross-compound units has been the croseunder, dia- 
: gram on preceding page. Conventionally, steam 
passes from high- to low-pressure elements by a 
crossover pipe connecting tops of the casings. Re- 
placing this with a crossunder connecting the bot- 
tom halves of the casings brings the two elements 
closer together, reducing the floor space needed 
and the amount of foundation and building struc- 
ture. When dismantling a unit for inspection, the 
crossunder need not be disturbed, while a cross- 
over has to be removed. The shorter crossunder 
stores less steam, so that on emergency tripout of 
a turbine there is less tendency for the low-pressure 
element to overspeed. 


Turbine performance 
General inflationary price trends of all commodi- 
ties, including fuels, create the urge to economize 


75TH ANNIVERSARY * POWER * SEPTEMBER 1957 


R h ks t d turbine losses 
% 
4 
é 
Tip 
leakage 
y 
B+ 142 


Mechanical-drive turbines include all types except 
those used for driving electric generators. The latter 
invariably run at constant speed when under load, but 
mechanical-drive units usually run at variable speed 
as their load changes. 

Loads include a wide variety of equipment, pumps, 
boiler fans, reciprocating compressors, paper mills, 
sugar mills. Speeds for the driving turbines vary 
from about 1000 to 6000 rpm, and their capacities 
range from about 100 to 5000 hp. Operating condi- 
tions for this type service require different design 
parameters than those needed by an electric generating 
unit. Recent growth of the chemical and petro-chemi- 
cal industries has raised the problem of moving and 
pressurizing large quantities of gas. Development of 
the high-speed high-horsepower centrifugal compres- 
sor meets this need and in turn calls for a driver with 
proper specifications. The mechanical-drive turbine 
responds by being offered for service with speeds of 
6000 to 12,000 rpm and ratings from 4000 to 12,000 hp. 

This type turbine is more than a simple extrapola- 
tion of the lower speed and capacity units. As speeds 
rise, turbine rotor diameters must shrink to avoid 


on use of materials. This can be done in the power 
plant by raising thermal efficiency. Chief methods 
of raising thermal efficiency include upping of 
steam pressure and temperature, reheating of steam 
after partial expansion, extraction of steam for re- 
generative feedwater heating. 

Pioneer steps now underway are placing steam 
turbines in service using steam at pressures above 
the critical, as high as 5000 psia. This raises special 
design problems at the first-stage buckets because 
of the small specific volume of the steam at this 
pressure. Small bucket dimensions make leakage 
and friction a serious consideration. These can be 
reduced in large-capacity units because the neces- 
sarily greater steam flow permits opening up the 
cross-sectional area. 

Achieving high initial steam temperatures is the 
basic criterion for maximum efficiency. Raising 
temperature also increases steam volume and so 
aids partly to solve the bucket dimension problem. 
We soon run into material strength limitations, 
however, with rising temperature. Up to 1050 F, 
ferritic materials prove adequate and economical. 
Above this level more expensive austenitic materials 
must be used which raise unique fabrication prob- 
lems, complicating the design procedures. 

In certain pressure-temperature ranges reheating 
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exceeding allowable material stresses. But at the same 
time, to meet the call for larger capacities, steam flow 
areas must grow, demanding greater blade heights. 
These contrary trends raise new problems. 

Urgent problems that have to be solved deal with: 
(1) Stress developed by high rotor speeds. (2) Wear- 
ing of moving and stationary parts coming in acci- 
dental contact. (3) Vibrations and resonant critical 
speeds created by greater shaft speed range. 

For a given rotor size, speed can only be increased 
by using stronger materials. Alternatively, the de- 
signer may ingeniously discover ways of using a given 
material more efficiently. Stress problems usually can 
be solved by calculation before building a machine. 

Wear problems largely concern bearings, shaft seals, 
blade seals, drive gears for governor and oil pump. 
Bearings give the least trouble—but shaft and blade 
seals cannot be lubricated and need special attention. 
When thermal distortions cause rubs at these seals, 
they must wear without damaging the rotor. 

Predicting the higher critical speeds in high-speed 
turbines depends on knowing bearing-support flex- 
ibility and the elasticity of the bearing-oil film. 


boosts thermal efficiency. One stage of reheating to 
1050 F often equals half the efficiency gain made 
by boosting initial steam temperature from 1050 to 
1150 or 1200 F. Double reheating to 1050 F equals 
about two-thirds of the gain of initial temperature 
boost. Austenitic materials use nickel which is in 
short supply. If present double-reheat practice on 
new superpressure units reveals no serious prob- 
lems we can expect to see future large units adopt 
this cycle as standard. This might give added 
incentive to use liquid metals to carry heat from 
the boiler to a reheater at the turbine. 

With steam temperatures exceeding 1000 F, pres- 
ent practice of partial admission for better part-load 
efficiency may be abandoned in favor of full first- 
stage admission. This will eliminate transient tem- 
perature shocks that amount to as much as 200 F 
difference. Since all modern units run on the unit 
principle we may soon find that boiler pressure 
will be varied with load in the lower ranges, in- 
stead of depending on a governor-controlled valve. 

Accumulating aerodynamic knowledge of flow 
behavior has sparked the investigation of steam 
flow through the low-pressure end of steam tur- 
bines. Apparent need for low pressures in early 
nuclear plants makes improvement of low-pressure 
turbines just that much more urgent. 
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Gas turbines 


In the postwar period, gas turbines have won a 
place for themselves in a number of segments of 
the U.S. power field. Aside from military applica- 
tions, largest single area of interest has been in 
pipeline and repressurizing service. Until recently, 
most U.S. designs have been in the 5000-kw-and-be- 
low range, limiting application for power genera- 
tion to smaller systems and plants, or to special 
situations on larger systems. A considerable variety 
of industrial and process applications have been 
pioneered and it is in this area that many builders 
see a major future market. Interest is particularly 


Gas turbine performance is more dependent on 
throttle temperature than on any other single factor. 
How fast temperatures and efficiencies rise depends, in 
turn, on improved alloy performance, development of 
new materials, design of better cooling schemes. 


Superalloys. Many metallurgists believe we are near 
the end of the road in alloy development and that 
future limited gains will come from closer control 
of composition and physical properties, plus increased 
knowledge of alloy performance. 

Molybdenum alloys show excellent strength charac- 
teristics at temperatures as high as 1700 to 2000 F, 
but lack of oxidation resistance bars their practical 
use. Research aimed at increasing oxidation resistance 
is going forward. Current availability of several types 
of ceramic coatings with interesting properties may 
point the way to an alternative solution. 


Ceramics, cermets. Ceramics excel, of course, in heat 
resistance, but thus far lack needed mechanical prop- 
erties. In the effort to develop these properties, refrac- 


Larger, more efficient and 
more versatile units will 


find increasing application 


high in the petroleum and petro-chemical fields, 
for driving process equipment such as compressors. 


How big? 

In all parts of the prime-mover field, there is de- 
mand for larger units to meet the growth loads of 
the future economically. Larger unit size is particu- 
larly important for the gas turbine, since it would 
materially extend this prime mover’s range of use- 
fulness. Right now, the simple-cycle, single-shaft de- 
sign has been extended above 15,000 kw. Going 
beyond the single-shaft design and using more com- 


Future temperatures: They depend on materials, cooling 


tory compounds such as borides, carbides, oxides, etc, 
have been crossed with metal binders. The results are 
called cermets, ceramets or metamics. Base materials 
are mixed in powder form, then pressed in hot dies 
or compacted cold and sintered. Final product can 
usually be machined only by diamond grinding. 
Early cermets were exceedingly brittle but recent 
materials show ductility approaching that of some 
superalloys. First application of such materials will 
be in stationary elements; continued development may 
well yield compounds suitable for some moving parts. 


Cooling. With skillful cooling, turbine parts can sur- 
vive in gas temperatures hundreds of degrees above 
metal’s normal temperature limits. Many of today’s 
commercial turbines use some form of cooling and ex- 
tensive research continues on a wide variety of cool- 
ing schemes using air, water and even liquid metals. 

Use of cooling in commercial gas turbines must be 
balanced against the design complication that usually 
results, and particularly against the aerodynamic and 
other losses almost inevitable with cooling. 
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plex cycles makes considerably larger units pos- 
sible—up to 30,000 kw, at least. By using double- 
flow construction for low-pressure turbines, and 
possibly for low-pressure compressors, unit capacity 
can be still further extended without exceeding 
present maximum rotor diameters. 

Higher throttle temperatures not only yield 
higher efficiency, box, facing page, but also greater 
capacity. Even with present alloys, a gain of per- 
haps 150 F, with minimum cooling, appears pos- 
sible in the opinion of some specialists. This would 
result from more precise knowledge of the per- 
formance limits of these alloys, most of which had 
to be put to use after only limited creep testing. 
Now such data is piling up and properties can be 
evaluated more sharply. A gain of 150 F in throttle 
temperature would nearly double output from a 
given frame size. 

Looking ahead, 50,000-kw units are clearly in 
sight and this by no means represents a limit for 
the open-cycle type. Presumably, the closed-cycle 
design, with higher pressures and greater fluid den- 
sities, can reach even farther up the capacity scale. 


Combination cycles 

Ever since gas turbines became practical, there 
has been interest in combining them with steam 
turbines. This is no longer academic and at least 
one combined-cycle plant is under way. In such a 
plant, the gas-turbine exhaust forms the combus- 
tion-air supply for a steam boiler. It is possible 
to burn supplemental fuel in the exhaust because 


Fuels for the gas turbines of tomorrow 


There would be a wide range of applications for gas 
turbines even if they were limited to natural gas and 
diesel fuel, both of which have been proved entirely 
satisfactory in, by now, extensive operating experience. 
But for full usefulness, the gas turbine needs to be 
able to handle the fuels that are most economical in 
many places—residual oils and coal. Considerable 
progress has been made in thus extending the gas tur- 
bine’s fuel versatility, particularly with residuals. 


Residual oils. Until corrosion developed in early units 
burning heavy oil, no problem with this fuel was ex- 
pected. After extensive research and testing, it ap- 
pears that various combinations of additives plus treat- 
ment—washing and/or centrifuging—provide work- 
able solutions and major builders are confident. 


Pulverized coal. Best estimates put this fuel some dis- 
tance from commercial acceptability for gas turbines, 
although notable advances have been made in both 
direct-firing and gasification approaches. Researchers 
are still confident that the problems will be licked. 
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the extremely high excess-air ratio characteristic 
of gas turbines yields an oxygen-rich exhaust. The 
boiler supplies superheated steam to a_turbine- 
generator, which, in a typical case, produces about 
two-thirds of total plant output. 

Thermal efficiency of such a combination can 
be about 5 to 7% better than a conventional plant 
of the same capacity, but first cost is apt to be 
higher because of added complication. Using largest 
likely gas turbines, a combination plant in the 
100,000 to 200,000-kw range would be possible. Un- 
less boiler fuel and g-t fuel are different, plants of 
this type are currently limited to natural gas, with 
residual fuel as an immediate probability as soon 
as operating experience proves soundness of present 
treating methods. Pulverized coal is still a problem 
but answers promise to be easier to find than for 
locomotive gas turbines, where most U.S. research 
and development has been concentrated. The super- 
charged boiler, see preceding report on steam 
generation, is also a combination cycle that ap- 
pears to offer attractive possibilities. 


Nuclear applications 

Interest in the gas-cooled reactor has picked up 
recently in the U.S. This is the type in Britain’s Cal- 
der Hall plant. Instead of using hot gas off the 
reactor to generate steam, U.S. designers aim to 
make the reactor part of a closed gas-turbine cycle, 
box below. Given the high temperatures needed 
for top turbine efficiency, this promises to be an 
attractive plant, particularly in the 20,000-kw area. 


Gas-cooled 
reoctor 


WV 


Nuclear fuels. Closed-cycle turbines with gas-cooled 
reactors as “combustors” make an attractive combina- 
tion, but high temperatures necessary for efficient per- 
formance have thus far been a stumbling block. Pres- 
ent work on reactor fuel elements, particularly ceramic 
elements, promise to extend temperature range. 
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In basic construction, tomorrow’s internal-combustion 
engines will probably not differ markedly from today’s. 
But they will reflect many design refinements along the 
lines summarized in the following paragraphs: 


Higher speeds 

Rotational speeds will continue to increase slowly, 
as they have in the past. This trend should apply 
equally to large heavy-duty engines, where early cus- 
tomer resistance to higher speeds seems to be disap- 
pearing. In general, piston speed is not now considered 
as important an index of engine performance as it 
once was, and piston speeds should move upward. 


Air-breathing capacity 

As in today’s automobiles, improved air breathing will 
be an important factor in design of tomorrow’s indus- 
trial engines. These improvements will come by way 
of refinements throughout the system rather than 
major changes. Better air breathing will help to take 
care of tomorrow’s higher piston loadings. 


Noise control 

This problem promises to get tougher and limitations 
are becoming increasingly stringent. Again, there 
seems no single, easy answer and progress will depend 
on painstaking research and development. 


Combustion systems 

Intensive research continues on all phases of combus- 
tion. Results obtained in improved performance and 
quiet operation by adaptation of surface-ignition prin- 


Internal-combustion engines 


The outlook: Higher specific 


output, still further gains 


in already high efficiency 


These trends will influence tomorrow’s mechanical design 


ciples should make this area of research and develop- 
ment active. Where exhaust energy is recovered, as 
in turbocharged, compound and free-piston units, 
higher air-fuel ratios will yield lower thermal stresses 
and insensitivity to mixing difficulties. 


More V engines 

The V-type engine, now widely used, should find 
increased application, particularly for medium or 
higher speeds. This design is shorter, cheaper to 
build and makes possible a wide range of engine sizes 
from a given set of basic components. The V design 
ilso helps in obtaining the stiffness and rigidity so 
important in reducing duty of the bearings. 


Materials of construction 

While it is unlikely that materials of engine construc- 
tion will change radically, some manufacturers believe 
that ductile iron will find wider use for pistons, liners, 
and, possibly, for frames. Experience with aluminum 
bearings has been generally good, particularly where 
complete cleanliness is assured. Cast crankshafts will 
continue to be used, with size limits imposed by 
foundry practice rather than design. 


Reducing maintenance 

Through constant improvements in materials, sim- 
plification of engines and accessories and greater 
accessibility, designers strive to reduce the need for 
maintenance and, where maintenance is essential, to 
make it easier to carry out. Developments along this 
line will be expedited by greater user co-operation. 


In striking contrast to the situation before World 
War II, the lion’s share of new internal-combustion 
capacity for stationary service is now in gas or 
dual-fuel engines. This trend in favor of units able 
to burn gas grows, of course, out of the increased 
availability of natural gas and the favorable eco- 
nomic position it holds in comparison with other 
fuels. It also reflects the development of versatile 
dual-fuel engines and of improved gas engines. 

Although natural gas is no longer as cheap as it 
once was, it should continue to enjoy an economic 
edge in many areas. Hence, the trend to gas-burn- 
ing units may be expected to continue. 

Largely as a result of the upsurge of diesel power 
for transport, construction machinery and naval 
vessels, diesel fuel now takes about one-quarter of 
the middle-distillate cut of the U.S. petroleum 
barrel. Increased yield of distillates, at the expense 
of residuals, has been achieved mainly through 
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In recent years, turbocharging has become common 
practice for stationary 4-cycle engines. During this 
period, pressure ratios have increased substantially 
and, as a consequence, constant-pressure and pulse 
converter systems have come into the picture to extend 
the range of the original blowdown system. Result: 
higher brake mean effective pressures and correspond- 
ing gains in specific output. Depending on the manu- 
facturer and the intended service, a typical engine of 
today will show a bmep somewhere in the range from 
160 to 195 psi. As the chart shows, the engines of 
tomorrow will be characterized by even higher bmep’s. 

Particularly when combined with intercooling, tur- 
bocharging improves thermal efficiency as well as 
specific output. These gains come from higher me- 
chanical efficiency, proportionately less heat rejected 
to the cooling system, and higher air-fuel ratio—an 
advantage in the case of diesel engines. 

Because it presents special problems, turbocharging 
of 2-cycle engines has only begun to assume impor- 
tance. It can be done in the same fashion as on a 
4-cycle unit if the turbocharger has a very high com- 
bined efficiency and the air-handling characteristics of 
the engine are suitable—high scavenging efficiency 
and low flow resistance. An alternative scheme, now 
in use, combines in series a turbocharger and an 
engine-driven centrifugal compressor. As turbocharg- 
ing takes hold, 2-cycle bmep’s will also climb. 

Basic to these bmep advances for both 4 and 2- 
cycle engines are improvements in turbocharger de- 
sign. Current developments indicate that pressure 
ratios up to 4:1 or even 4.5:1 are readily obtainable. 


more use of catalytic cracking. Cat-cracked dis- 
tillates show higher volumetric heating value but 
lower ignition quality. This puts increasing em- 
phasis on cetane improvers, such as amyl-nitrate 
mixtures. 

Even though production of residual fuel tends 
to shrink as a percentage of the total, use of resid- 
uals for large diesels remains a matter of interest. 
This is a problem for both engine builders and 
manufacturers of fuel handling and treating equip- 
ment. Given enough incentive, there is no doubt 
it can be fully worked out. 


Engine size 
In addition to being the most efficient prime mover, 
the internal-combustion engine has the great virtue 
of retaining a good measure of its efficiency in small 
sizes and at partial loads. This will continue to 
make it a preferred unit for many applications. 
While many of the developments that give i-c 
engines greater specific output would also make it 
possible to build units of larger physical size, most 
engine builders expect to see top capacity remain 
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at about 10,000 hp. This is a matter of economics; 
above this size other prime movers offer strong 
competition in total cost. 

As indicated in the panels above, tomorrow’s 
engines will superficially resemble those of today 
but with many design refinements for even greater 
reliability, higher efficiency and specific output. 
With them will go improved auxiliaries. Notable 
among these may be all-electric governors, speed 
governors with load-sensing elements for increased 
stability, electronic control and actuation for gas- 
injection systems. 

Engine builders are keenly aware of the difficulty 
of securing and training good operators and main- 
tenance men. As noted above, they seek to reduce 
the need for maintenance. At least one builder has 
begun to develop a system of periodic inspection 
and consultation through its own service staff. Re- 
mote operation from a central point within the plant, 
or from a distance, is now technically feasible. How 
widely it will be applied depends on economics, 
and in that equation, cost of manpower will be a 
big factor as it will be in all phases of design. 
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Hydro plants 


Hydro patterns are now fairly well established. 


Turbine efficiencies of over 90% for about 50% of 


rated load range, and top values of over 93% won’t 
be exceeded by much. 

Trend is to fewer, larger units to reduce instal- 
lation cost and simplify operation. Francis turbines 
have reached capacities of 235,000 hp but there 
are few projects favorable to such large units. For 
heads of 100 ft or less, 150,000 hp now seems about 
the economic limit of kaplan turbines. This also 
applies to impulse designs. 

In the U.S. and Canada, kaplan or propeller units 
are generally used for heads of 100 ft or less, with 
a decided preference for the kaplan type, particu- 
larly in larger sizes. Between 100 and 1000 ft, the 


More attention to marginal sites? 


As power demands continue to increase, it is likely 
that marginal hydro sites will get more attention, 
particularly in areas where hydro potentials are al- 
ready well developed. For such marginal sites, simpli- 
fied installations may prove an economic answer. 

In general, highest practical generator speed should 
be adopted, since it reduces size of equipment, founda- 
tion and building requirements. Other economies may 
be effected by simplifying hydraulic equipment. Valve 
between turbine and penstock might be omitted, and 
turbine provided with rubber seals above and below 
wicket gates and at contact line between gates. Wicket- 
gate and control mechanism itself may be simplified 
and, where load regulation is not required, wicket 
gates may be eliminated. Depending on the hydraulic 
layout, either head gates or butterfly valves could be 
used for starting and stopping. For such installations, 
induction generators offer additional possibilities in 
electrical-equipment costs. 

To reduce operating costs, self-lubricating turbine 
bearings may be used. Installation of automatic, super- 
visory or remote control will reduce attendance re- 
quired or eliminate it entirely. One traveling main- 
tenance crew might take care of several plants. 


More pumped storage looms, 


new interest in underground, 


marginal and tidal projects 


francis turbine usually gets the nod. Above 1000- 
ft head, impulse designs are favored, with more 
emphasis on vertical-shaft single-runner designs 
with four or six nozzles. 

In free Europe, kaplan units have been used up 
to 290 ft and francis to 1500 ft and higher. These 
higher heads permit higher speeds, reducing ma- 
chinery costs, although other costs may increase 
somewhat. Only head limits for impulse turbines 
are those imposed by nature. 

In the free world, Grand Coulee, with 330-ft head 
and 3,102,000 hp is largest—a capacity not likely 
to be exceeded for many years. Larger plants, how- 
ever, are reported under construction in the 


U.S.S.R.—up to 4,800,000 hp. 


Pumped-storage plants 
To provide peak power and seasonal storage, there 
is an increasing interest in pumped-storage plants. 
Earlier installations used standard hydro units with 
separate motor-driven pumps, or combination 
units—turbine, generator and pump connected to 
generator shaft by a hydraulic or magnetic cou- 
pling. Present trend in U.S. and Canada for low 
and medium heads is toward pump-turbines, in 
which a single runner operates in one direction as 
a turbine, reverses to pump. 

Underground plants used extensively in Europe 
now find favor in the U.S., Canada and South 
America. Improved tunneling methods and other 
construction factors have reduced cost of these 
plants, making economics favorable at good sites. 

Tidal plants are attracting attention again. Pas- 
samaquoddy is being restudied. An experimental 
unit for the Rance River estuary in Brittany may 
offer a solution to harnessing higher tides. 

Dam construction has advanced to the point 
where designers can be confident of meeting any 
requirement, no matter how large. 

In industrialized areas—U.S., Canada, free 
Europe and Japan—water-power development has 
about reached its peak—within next 20 years most 
important economic sites will have been developed. 
Future activity must lie largely in Africa, Asia and 
South America, where nearly 80% of the world’s 
potential is only about 1% developed. 


75TH ANNIVERSARY * POWER * SEPTEMBER 1957 


B* 148 


Flat 


Although belts are one of the oldest means of transmit- 
ting power, they cannot remain static and retain their 
strong place in industry. Further development of new 
materials, constructions can be expected. 

Panel, above, shows five distinct designs in use today. 
Flat belts, the oldest type, are used mainly for replace- 
ment items on existing production and _ power-plant 
equipment. However, even here the influence of modern 
materials is felt, as new synthetics are employed for cord 
materials, and as plastic belting enters the field. 

V-belts, both singly and in multiple, occupy a dominant 
place in power transmission. They are readily available 
from stock, convenient to install, and will continue to be 
so. The premium-quality belts.are becoming more popular. 


Greater demands for power, 
speed and compactness pose 


transmission problems 
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Ever popular, continue fill n mz nany needs 


Multiple-V Ribbed 


Mechanical power transmission 


Manufacturers are constantly trying to improve belt 
quality—using synthetic and neoprene rubber and em- 
ploying nylon, dacron and rayon for covers and cords. 
In addition to upping belt capacities and working out 
additional rating tables, they are also making progress 
on conquering vibration problems. 

The ribbed belt, a relatively new development, requires 
less space for a given power-transmitting capacity, since 
narrower sheaves can deliver equal horsepower and the 
problem of belt matching is eliminated. 

The toothed belt, transmitting power at positive speed 
ratios, is similar to a chain and sprocket in operation. 
These last two belts may be expected to become more 
widely used in industry as time goes on. 


The one bald fact about mechanical power trans- 
mission that cannot be overlooked is that all horse- 
power transmitted between driver and driven unit 
must go through the belts, coupling, clutch, gears, 
or other element employed. 

This means that as industry in general grows, 
sale of mechanical power - transmission elements 
must grow, and as industry’s requirements increase, 
transmission elements must be improved to meet 
the needs, In addition, some manufacturers are 
tending to specify heavier drive units for their 
equipment. 

Individual developments in the field may not be 
spectacular, but over the years changes become 
quite noticeable. 

Design trends now point toward higher horse- 
power output for a given size of power-transmission 
item, improved product appearance, simplified re- 
pair and installation features. 

This means use of better quality materials, better 
manufacturing methods, more scientific ratings on 
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The problem of connecting driver to driven ma- 
chine through a coupling or clutch while provid- 
ing for smooth easy starting, overload protection 
and elimination of high motor-starting currents 
is receiving much attention. 

Developments aimed at solving these problems 
include: (1) higher capacity fluid drives for 
main-turbine-shaft driven boiler feedpumps and 
higher capacity mechanical draft fans (2) dry 
fluid drives, employing heat-treated steel shot as 
a “fluid” (3) magnetic particle clutch, using 
ferro-magnetic particles to create a bond be- 
tween the driver and the driven machine (4) 
automatic centrifugal clutch couplings using 
centrifugal force to actuate load-driving friction 
shoes (5) new self-contained magnetic drive 
using magnetic and bimetallic rotors, with per- 
manent magnets supplying the flux necessary to 
induce torque in the driven component. 


Clutches and couplings solve special problems 


In general, coupling ratings will probably in- 
crease in years to come, particularly for turbine 
and blower drives. Closer manufacturing toler- 
ances, special attention to vibration problems, 
more precise design can be expected as speeds 
and horsepower ratings of driving equipment 
go up. Synthetic lubricants may be used for 
special applications as operating temperatures 
continue to increase. 

Higher-grade alloy materials, specially treated 
for hardness and other qualities, will be used 
in the future. Gear type flexible couplings that 
do not require lubrication may be a significant 
development tomorrow. 

The expense of maintenance, repairs and 
equipment downtime will lead to greater de- 
mands for operation with up to 5-degrees shaft 
misalignment, and use of special features, like 
overload protection, calibrated braking, etc. 


horsepower, torque, speed and heat dissipation. Per- 
haps we are truly approaching an “Age of Refine- 
ment” in power transmission. 


Gears 

Increased power needs in combination with higher 
speeds are probably the biggest problems facing 
gear manufacturers today. Gears must meet pro- 
duction demands, keep up with pacesetters like the 
aircraft and automotive industries. 

Gearing will probably become smaller in size for 
a given horsepower capacity, requiring harder ma- 
terials to carry the load and external cooling to 
raise the thermal rating. This will permit transmis- 
sion of greater power, while decreasing weight and 
space requirements. 

As service conditions become tougher, increased 
use of shaving, lapping and grinding, as well as 
carburizing, induction and flame-hardening proce- 
dures may be expected. 

Lubricants will be improved. Better means will 
be found for applying them to the contact areas of 
the gear teeth. 

Standard speed reducers (enclosed gear boxes) 
will continue to be popular for many applications. 
These units conserve power and space, require lit- 
tle attention, run with a minimum of noise and 
vibration, have a long life expectancy. 

Planetary and worm-gear reducers seem destined 
to come into greater use. Shaft-mounted speed re- 
ducers, using V-belt drives as the connection be- 
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tween motor and reducer, are also showing an 
ever-greater gain in popularity. 

Gear-head motors are a prime indication of the 
trend toward more compact drives. This arrange- 
ment is practical up to about 50 to 75 hp. It saves 
a coupling, puts alignment of motor and gears up 
to the manufacturer, provides a single responsibility 
for motor and gears. Ordinarily, the motor is in- 
tegrally attached to the reducer. But in some units 
a replaceable foot-mounted motor is used. This 
permits more simplified maintenance procedures. 


Variable speed 

The problem of devising a variable-speed transmis- 
sion that is both compact and efficient remains a 
challenge to today’s engineers. 


The most successful variable-speed transmissions 
have been the hydraulic units and the variable-pitch 
belt drives. But they have disadvantages. The larger 
hydraulic drives are fairly compact, but are nec- 
essarily inefficient; variable-pitch belt drives are 
reasonably efficient, but need more space than hy- 
draulic drives with the same capacity. 


Eddy-current adjustable drives are gaining popu- 
larity, but they must dissipate a large amount of 
heat without allowing any parts to reach harmful 
temperatures. New advances in cooling should in- 
crease their usefulness. 


Mechanical transmissions employing rolling con- 
tact of balls to transmit power at varying speeds 
are an interesting new development. 
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SKINNER ENGINE CO., 
> ERIE, PA. 
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Portable and Stationary 


SENGINES & BOILERS. 


SEND FOR CATALOGUE. 


The Skinner Sutin and Boilers awarded Three Gold Medals over 
twenty-five competitors, by the World’s Industrial and Cotton Exposi- 
tion, New Orleans. 


ad 


1,250-kw. A. C. four-cylinder Skinner “Universal 
Unaflow” Steam Engine-Generator Unit 


Skinner Engine Company was fourteen years old when “Power” 
printed its first edition. The advertisement reproduced 

here appeared in “Power” in 1886. So our congratulations on your 
75th anniversary come from many years’ association. 

Skinner built its first “Universal Unaflow” Steam Engine in 1913. 
Today Skinner “Universal Unaflow” Steam Engines are providing 
unfailing, dependable power . . . to generate electricity . . . to 
drive compressors and pumps... in refrigeration and air conditioning 
... for hundreds of manufacturers and for hotels, office 
buildings, hospitals, schools, and institutions. Low pressure exhaust 
steam is a by-product, available for space heating, absorption 
type air conditioning, and varied manufacturing processes. 

The company developed the Skinner Marine Unaflow Steam Engine 
in 1932. Skinner Marine Unaflow Steam Engines are used to propel 
bulk ore carriers, ferries, passenger ships, colliers, tankers, 


package cargo carriers, and ice breakers. 5,000-hp. five-cylinder Skinner Marine Unaflow Steam 
Engine for ship propulsion 


For Over 80 Years, Doing One Thing Well— Building Steam Engines 


D ESTABLISHED 1868 < 
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Maximum control 
of temperatures with 


; Curb expensive heat loss, control temperatures within minimum 

Recommended. tolerances with performance-proved Pabco Insulations. 

Pabco insulation — For power plant piping and equipment, a Pabco Insulation insures 

— peony peak performance wherever temperatures must be maintained 

block, cement up to 1900° F. Pabco’s Caltemp and 85% Magnesia insulations are 

Caltemp ; ‘‘Precision-Molded’’ by a patented process in both pipe and block form. 

For data on technical advantages... case histories... or engineering 

consultation, write ...or call...a Pabco insulation engineer. 

Pipe Covering, 


biock, cement 
block 


INDUSTRIAL INSULATIONS DIVISION 


Fibreboard Paper Products Corporation * San Francisco 19 + Chicago 54 + Houston 4 » New York 16 «Los Angeles 
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GAS TURBIN 


A 


) on the load, either the 7,000 kW single shaft or the 25,000 kW non- 
regenerative cycle Brown Boveri Gas Turbine provide the answer to the rigid demands 
of peak load service. They can be put on the line in 20 minutes or less. 


Their on-the-job performance records—in over 60 power plants throughout the world— 
conclusively indicate not only economy of operation but sizeable savings in initial costs. 


If your problem is peak or base load service, it will pay you to investigate Brown Boveri 


‘BROWN BOVERI CORPORATION 


BROWN 19 RECTOR STREET © WEW YORK6, Wy, 


Atlanta, Ga. * Birmingham, Ala. * Boston, Mass. * Buffalo, N. Y. * Chicago, Ill. * Cleveland, O. * Dallas, Tex. * Denver, Colo. * Detroit, Mich. 
Hamilton, O. * Jacksonville, Fla. * Kansas City, Mo. * Knoxville, Tenn. * Miami, Fla. « Minneapolis, Minn. * New Orleans, La. * New York, N. Y. 


Pasadena, Cal. * Pittsburgh, Po. * Portland, Ore. * Roanoke, Va. * San Francisco, Cal. * San Juan, P. R. * Syracuse, N. Y. © Tucson, Ariz. 
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DIESEL 7, 
DUAL-FUEL 
NATURAL GAS 
SEWERAGE GAS | 


FOR INDUSTRY AND MUNICIPALITY 


Capacities: 120 to 3000 H. P. 
Normally Aspirated or Supercharged 


PNEUMATIC TOOLS + AIR COMPRESSORS + ELECTRIC TOOLS + DIESEL ENGINES +» ROCK DRILLS + HYDRAULIC TOOLS + VACUUM PUMPS * AVIATION ACCESSORIES 
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Eilere’s the new addition to the 
Palatka Station of Florida Power 
and Light Company, which was 
engineered and constructed by 
Ebasco Services Incorporated. This 
new power station symbolizes the 
growth, the drive, the fresh modern 
look that is everywhere in sunny 
Florida today. It also offers testi- 
mony to the close coordination and 
planning between engineers from 
the utility, Ebasco, and Allis-Chal- 


mers on a wide range of problems. 
A-5361 


e Range of Allis- 


: — 


1. At the heart of things is the 62,500-kw out- 
door steam turbine generator unit, featuring per- 
manent side-crossunders between high and low 
pressure tandem turbines, steam valves below 
deck, supercharged generator with direct hydro- 
gen-cooling of rotor copper, and commutatorless 
excitation system with inherent rapid-response 
voltage regulation. Units to 220,000 kw are in 
production by Allis-Chalmers for outdoor stations. 


2. Switchgear — Allis-Chalmers 2400-volt and 
480-volt outdoor weatherproof switchgear con- 
trols major station auxiliaries. 


3. Circuit Breakers — Pneu-Draulic operators 
and mechanically trip-free operation are features 
of three 115-kv Allis-Chalmers circuit breakers. 


4. Transformers — This 85,000-kva forced oil 
cooled power transformer is for main step-up 
service to the 115-kv lines. 


Pneu-Draulic is an Allis-Chalmers trademark. 


CHALMERS 
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: 
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1. Pumps-Motors — Shown above 
are two vertical weather-protected 
motor-pump units furnished by 
Allis-Chalmers. 


2. Control Centers-Motors — For 
boiler feed pumps; induced and 
forced draft fans were furnished 
by Allis-Chalmers. 


For the complete story on all the 
products Allis-Chalmers builds for 
electric power generation, distribution 
and utilization, call your nearby A-C 
office or write Allis-Chalmers, Power 
Equipment Division, Milwaukee 1, 
Wisconsin. 
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The rotor of a Terry solid-wheel 
turbine is a single forging of spe- 
cial composition steel. It is first 
rough turned in two operations, as 
shown, and then two cuts are taken 
to mill the semi-circular buckets 
from the solid metal. The wheel at 


the top has been finished, ready for 
mounting on the shaft. The result 
is a single-piece wheel with no 
parts to loosen or wear out. 


Blade wear, which might occur 
after many years of usage, is not 
important, because the power-pro- 
ducing action of the steam takes 
place on the curved surfaces at the 
backs of the buckets. Thus wear 
does not materially affect horse- 
power or efficiency. 

The blades can’t foul. They have 
a one-inch clearance, and are 
further protected by the projecting 
rims at the sides of the wheel. 

The Terry solid-wheel turbine is 
an extremely reliable piece of 
equipment. Write for details — 


today. Ask for a copy of bulletin 
S-116. 


THE 
TERRY STEAM TURBINE CO. 


TERRY SQUARE, HARTFORD 1, CONN. 
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THIS Coupling “swallows up” misalignment! Its 
ability to handle multiple displacement is ex- 
ceeded only in a universal joint. It outperforms 
the most complex coupling mechanisms—yet it 
operates with the simplicity—and the depend- 
ability—of a modern tire! 


The technological advances that contribute to 
the miracle of today’s truck tires, which are 
engineered to carry tremendous loads at high 
speeds and stand terrific shock, have made this 
new type of coupling possible. 


The heart of Para-flex is a tire with synthetic 
tension members bonded together in rubber. It 
is pliant. It ‘fits itself’ to changing shaft con- 
ditions—angular, parallel, end-float, or any com- 
bination of all three! Depending upon the size of 
coupling and duration of shaft misplacement, it 
handles angular misalignment up to 4°, parallel 
up to and end-float up to 


It cushions the stresses of shock loads to a re- 
markable degree. And it tends to absorb tor- 
sional vibration—reducing noise and protecting 
machinery from vibration’s destructive forces. 


There is no metal- 
to-metal contact be- 
tween shafts. They are 
insulated. No lubrica- 
tion is required. 


Para-flex takes a 
minimum of space on 
the shaft. Mounting is 
simplified through the 


The flexing member can be 
replaced without moving 
driver or driven machine. 


your classified telephone directory—or write us. 


FLEXIBLE CUSHION COUPLING 


THE NEW IDEA IN FLEXIBLE COUPLINGS...WITH A 
FLEXING BODY THAT AUTOMATICALLY COMPENSATES 
FOR ALL COMBINATIONS OF MISALIGNMENT AND 
END FLOAT...AND CUSHIONS SHOCK LOADS! 


DODGE MANUFACTURING CORPORATION, 3200 Union Street, Mishawaka, Indiana 


of Mishawaka, Ind. 


CALL THE TRANSMISSIONEER, your local Dodge Distributor. Factory trained by Dodge, he can give you valuable 
assistance on new methods. Look for his name under ‘Power Transmission Machinery” in the yellow pages of 


ANGULAR 
MISALIGNMENT 


PARALLEL 
MISALIGNMENT 


TORSIONAL 
VIBRATION 


THE COUPLING WITH THE 4-WAY FLEX 


use of standard Taper-Lock bushings — no re- 
boring, no machining. Safety is promoted by 
flush design; there are no protruding parts. And 
since the flexible member is molded with a trans- 
verse split, it can be replaced without moving 
either the driver or driven machine! 


Para-flex Couplings are stocked by Dodge 
Distributors in popular transmission sizes. They 
are available from factory stock in capacities up 
to 600 hp at 900 rpm. Call your distributor for 
early delivery to make your own test. You'll 
witness something revolutionary! 
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F-M Power is the standard 


Throughout this country and in 
every corner of the world, you'll find 
Fairbanks-Morse diesel engines 
adding daily to an outstanding rec- 
ord of reliability...a record that 
goes back more than half a century. 


Many of those “‘old’’ engines with 
“voung”’ heavy-duty performance, 
stand side by side with the newest 
in modern diesel power—the F-M 
Opposed-Piston Diesel engine. 


The O-P design of engine today of- 
fers unequaled features for heavy- 
duty power service: 40°% fewer 
moving, wearing parts; more power 
in less space; less weight per horse- 
power, lower operating and mainte- 
nance costs. 


6,000,000 installed horsepower of 
Opposed-Piston Diesels is now con- 
tinuing the Fairbanks-Morse tradi- 
tion of dependable, economical 
power generation. Time spent now 
in investigating the advantages of- 
fered you by the O-P will pay 
important dividends in the future, 
so write today for details to: 
Fairbanks, Morse & Co., Dept. 
PO-9, Chicago 5, Illinois. 


Generating power for the city of Thief River, Minn., is one of the most recent installations 
of the modern Opposed-Piston Diesel . . . continuing the F-M tradition of reliability. 


Reliability. ..is a long time 


Typical of Fairbanks-Morse engines with nearly half a century of service is this F-M Type 
RE gas engine driving an F-M pump in water service for the city of Taft, California. 


FAIRBANKS-MORSE 


a@ name worth remembering when you want the BEST 


DIESEL AND DUAL FUEL ENGINES DIESEL LOCOMOTIVES eRAIL CARS ELECTRICAL MACHINERY PUMPS © SCALES HOME WATER SERVICE EQUIPMENT MAGNETOS 
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NEW STEAM TURBINE AT PHILO PLANT POINTS WAY TO INCREASES OF UP TO FIVE PER CENT IN STEAM PLANT THERMAL EFFICIENCIES. 


Supercritical, double-reheat steam turbine 
introduces new design concepts 


Thermal studies have revealed significant potential 
fuel savings from the use of supercritical pressures and 
higher temperatures. Today’s challenge—how to take 
advantage of this potential efficiency. 


GENERAL ELECTRIC ENGINEERS took the first major 
step toward economical use of these higher steam con- 
ditions when they designed and built the world’s first 
supercritical-pressure, double-reheat steam turbine 
for the Philo Plant of the Ohio Power Company. This 
turbine, rated 125,000 kw, operates with initial steam 
conditions of 4500 psig and 1150 F, with 1050 F first 
reheat and 1000 F second reheat temperatures. These 
advanced steam conditions, coupled with the first 
application of the double-reheat cycle, can increase 
thermal efficiency five per cent over the most efficient 
steam plant now in operation. 


One of the major problems General Electric de- 
signers had to overcome was the susceptibility to 
thermal distortion of thick austenitic castings and 
forgings. So the amount of austenitic steel used was 
held to a minimum by the application of new design 
concepts such as steam cooling, small individual con- 
trol and stop valve bodies, and simplified throttling 
control with full 360-degree arc admission to the first- 
stage nozzles. 


THE EXPERIENCE GAINED from designing and building 
this unique machine is already being applied to larger 
unit designs to get greater advantage from higher 
temperatures and pressures. For more details on the 
Philo unit write for bulletin GER-1130, Large Steam 
Turbine-Generator Department, General Electric 
Company, Schenectady 5, New York. 254-58 
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How perfectly simple 
=this Fast’s Coupling 
purely mechanical 

flexibility! 


from shaft end, eny mis- 
nt between splines 


For 35 years the most positive, de- 

pendable means of coupling ma- 

chines to their power source... 

Fast’s Couplings have no parts sub- 

ject to repeated bending, tension or 

compression. Because there is no 
metal-to-metal contact, there is no wear—in fact, 
many Fast’s Couplings in use for over 30 years 
show no signs of wear when disassembled! No 
leather, plastic or rubber oil seals. Lubricant 
film distributes pressure over a considerable 
area, diminishing localized stress at pressure 
points on the load-carrying teeth. Perfectly 
simple? Yes .. . and foolproof! 


For coupling catalog, technical advice or assistance from Koppers field 
engineers, write: KOPPERS COMPANY, INC., Fast’s Coupling Dept., 3309 
Scott Street, Baltimore 3, Maryland. 


METAL PRODUCTS DIVISION * KOPPERS COMPANY, INC. *« BALTIMORE 3, MD. 
This Koppers Division also supplies industry with American Hammered Industrial Piston and 
Sealing Rings, Industrial Gas Cleaning Apparatus, Aeromaster Fans. 

Engineered Products Sold with Service. 
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1200 

1100 |_ 

1000 DIABLO DAM 
DIABLO POWER PLANT 

900 |_ 


800 GORGE DAM 


ELEVATIONS (in feet above sea level) 


GORGE POWER PLANT 
Elevation 493° 


5 


GORGE RESERVOIR 


Present Elevation 787’ Skagit River Power Development profile shows how 
Ultimate Elevation 875’ Gorge Dam will be raised to create an 88-foot higher 


Ultimate Elevation 1710’ 


Present Elevation 1600’ 


ROSS DAM & RESERVOIR 


DIABLO RESERVOIR 
Elevation 1205’ 


head. New SMS turbines at Gorge will be rated at 
45,000 HP under the new 325 foot head and 257 RPM. 
New Diablo Turbines will be rated at 108,500 HP at 
310 foot head and 171.5 RPM. 


10 15 


sc 


ALE IN MILES 


lg INCREASE 
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CITY oF SEATTLE - WASHINGTON 


GORGE PLANT ~ 325 FT. NET HEAD 


| less 


Will Help Incre 


As part of its program to get more power, Seattle, 
Washington’s Skagit River development includes re- 
placement of 35- and 22-year-old turbine runners at 
the Gorge and Diablo plants, and increasing the 
height of the Gorge Dam. Rebuilt vertical SMS-Francis 
runners and new wheel case accessories will give each 
unit 23% more capacity in the existing wheel cases. 


Extensive model tests were conducted for these tur- 
bines in the SMS Laboratory’s high-head test stand. 
They proved that the proposed new runner and modi- 
fied gate designs would not only provide the increased 


More Power To... 


AFFILIATE: S. 
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This shows the Laboratory Test performance (power stepped up for head and size), of the existing 
Gorge runners under the higher head and the new runner and gate design for the same conditions. assembly, 


CITY OF SEATTLE TO GET MORE POWER 


New SMS Turbines In Modernization of Gorge, Diablo Facilities 


s. ‘MORGAN SMITH 


MORGAN SMITH, CANADA, LIMITED, 


Rotovalves Ball Valves R-S Butterfly Valves Free-Discharge Valves Liquid Heaters Pumps 


A complete model of the Gorge wheel case 
built to extreme accuracy, is 
shown being mounted in the test chamber 
of the SMS high-head test stand. 


ase Capacity 23% 


power with very little loss in efficiency, but would have 
improved cavitation characteristics which permit main- 
taining the original setting above tailwater elevation. 


Research results such as these indicate SMS can pro- 
vide substantial economies in both new and existing 
installations with higher turbine speeds and settings as 
well as smaller spiral cases and inlet valves. A general 
discussion of turbine rehabilitation, as given at a re- 
cent technical presentation, is available without cost. 
Write on company letterhead to §. Morgan Smith 
Company, York, Pennsylvania. 


HYDRODYNAMICS 


W 


TORONTO 


Hydraulic Turbines & Accessories 
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American Blower Gyrol, Fluid Drives 


How to reduce pressure, save power 


Boiler Feed Pump Grol Fluid Drive 


Motor 


AMERICAN BLOWER 


Mechanical Draft Fan 


Gyrol Fluid Drive 


Motor 


on boiler feed pumps 


The answer, of course, is to use American 
Blower Gyrol Fluid Drives to transmit power 
from the motor to the pump. 


Here’s why: Eliminating wasteful throttling, 
Gyrol Fluid Drive gives you adjustable-speed 
pump control, so you can lower pressure and 
save power over the entire operating range. 
And, since Gyrol Fluid Drive allows you to 
operate the pump at speeds that fit boiler 
requirements, you reduce wear. 


Also important: Switch-over from operating 
to stand-by pump is fast and easy through 
Gyrol Fluid Drive. 


on mechanical draft fans 


Here too, you'll be away ahead with American 
Blower Gyrol Fluid Drives. Infinitely ad- 
justable speed control lets you operate each 
fan at its optimum design or selection point. 
Such accurate, efficient control will save power, 
prolong equipment life, and reduce the noise 
level! 


What's more, Gyrol Fluid Drive divorces 
the heavy fan wheel from the motor, allowing 
essentially no-load starting. You will be able 
to use a standard motor where costly motor 
modifications might otherwise be required. 


Why not talk to an American Blower engi- 
neer about Gyrol Fluid Drives? Call our near- 
est branch office, or write directly to American 
Blower Division of American-Standard, 
Detroit 32, Michigan. In Canada: Canadian 
Sirocco products, Windsor, Ontario. 


AMERICAN BLOWER 


Division of Amertcan-Standard 


QUALITY PROTECTS YOUR INVESTMENT . . . 


Arnican-Standard QUALITY 1S AVAILABLE AT NO EXTRA COST 
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COMPLETE STEAM AND GAS POWER STATIONS 


DIESEL ENGINES 


CRANES AND CONVEYORS 


RAILWAY ROLLING STOCK 


STEEL BRIDGES PUMPS GASHOLDERS 


HYDRAULIC STEEL STRUCTURES 


MATERIAL TESTING MACHINES 


AIRCONDITIONING INSTALLATIONS 


HEAT INTERCHANGERS AND APPARATUS 


LORRIES - BUSES 


PRINTING PRESSES 
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Look Toward the Future 


NORDBERG continues to anticipate 
and meet the power needs of industry 


True today as it was in the early 1900’s when the 
advertisement at the left was published, Nord- 
berg continually looks toward the future needs of 
the power industry. This philosophy character- 
izes Nordberg . . . a leader in the progress made 
in internal combustion engines. With experience 
as our guide Nordberg continues to pioneer... 
to design and build highly efficient prime mov- 
ers .. . prime movers that will economically and 
reliably provide the power required in the dec- 
ades of tremendous growth ahead. 


NORDBERG MFG. CO., MILWAUKEE, WISCONSIN 


Builders of America’s Largest Line of Heavy Duty Engines 


AND 
AS ENGINES 


© 1957, Nordberg Mfg. Co 


e The world’s largest internal combustion engine power station—220 Nordberg spark-ignition 
gas burning Radial engines generate all power’ for electrolytic reduction of aluminum at 
the Aluminum Company of America’s Point Comfort, Texas smelting works. 22 more 
Radial engines soon to be installed will provide nearly 475,000 total horsepower. This instal- 
lation is an excellent example of Nordberg’s ability to meet specific power requirements, 
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“Used many makes 
of turbines... 


PREFERS 
COPPUS” 


If you want to know about turbine 
performance, ask an operator. He 
knows. And, in the words of one of 
them: 
“I have had occasion in the 
past to operate many makes of 
turbines. The plant in which I 
am now employed is almost en- 
tirely Coppus equipped on our 
auxiliary equipment. I find 
your turbines most satisfactory 
and would like to congratulate 
you on your design.”’ 

Whether you use a Coppus with a 
regular wheel or wide bucket “‘L” type 
you get these proven features: 

e@ Turbines rated close to your hp re- 
quirements from 150 hp down to frac- 
tional. No need to buy a bigger, costlier 
turbine than your conditions call for. 
@ A larger number of steam nozzles, 
controlled individually by manually op- 
erated valves. 

e Exclusive pilot operated excess speed 
safety trip supplementing constant 
speed governor. 

@ Replaceable cartridge type bearing 
housings. 

@ Optional carbon ring packing glands. 
e@ Coppus Steam Turbines ranging from 
150 hp down to fractional in 6 frame 
sizes, make turbine dollars go far- 
ther. Send for Bulletin 135 on Coppus 
Turbine. 


COPPUS ENGINEERING CORPORATION 
169 Park Avenue, Worcester 2, Mass. 
Sales offices in THOMAS’ REGISTER 
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This is the reliable Copp 
wheel or wide bucket “L” type wheel. 


This wide bucket “L” type This is the regular wheel used 
wheel is a new development for on Coppus Turbines which have 
use where low water rate is been so highly satisfactory 
essential throughout industry. 


us Turbine furnished with either a regular 
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in a single 
CLARK CBA-8 


balanced/opposed 
compressor 


Now, for the really big applications, Clark introduces the most powerful com- 
pressor ever built—the new CBA-8. The ability to handle tremendous horse- 
power, however, is not the only feature of this new compressor. Being extra 
heavy and rugged in all respects, it is the perfect choice for those services where 
extremely high pressures are required such as in the process industries and for 
high pressure wind tunnel applications. 


High discharge pressure invariably causes a high pressure rise across the cylin- 


ders which results in heavy pin loads. The new CBA-8 is designed to carry pin 
loads of 100,000 pounds with ease. For large air compressor installations, at 
normal pressures, the CBA-8 will operate with minimum maintenance because 
of its heavy construction. The balanced/opposed design principle, originated 
by Clark, assures vibrationless operation. 


Two new CBA-8 units already have been delivered for a special application. 
Your Clark representative will gladly give you full details on this new unit. 


CLARK BROS. CO. - OLEAN, N. Y. 
One of the Dresser Industries 
Sales offices in Principal Cities Throughout the World 
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Continuous Condenser Service 
at Detroit Edison's 


River Rouge Plant 


At River Rouge Station, these Allis-Chalmers 84 by 60-inch circulating 
pumps, driven by 500-hp motors, deliver 73,000 gpm to the A-C condenser. 

They play an important part in assuring service continuity at this 
station. An accurately cast impeller, hand finished and dynamically 
balanced, assures smooth operation. Other features, including a rigid 
whip-free shaft, and tube-protected shaft and rubber bearings lubricated 
with filtered water, have made A-C circulating pumps popular through- 
out the power industry. 

Many customers use Allis-Chalmers test facilities to properly design 
their intake structures. 


adding up to many years of dependable service. 
You Get MORE than a Pump . . . Allis-Chalmers is the only company that can 


When You Specify Allis-Chalmers offer you “One-Source” responsibility, with a com- 
plete unit — pump, motor and control — all built 
You can take advantage of Allis-Chalmers wide to work together, For “MORE” information about 
experience in supplying pumps to all industries. Allis-Chalmers pumps, call your local A-C office, 
You are assured of modern design, heavy-duty or write Allis-Chalmers, General Products Divi- 
construction and correct application aid — all sion, Milwaukee 1, Wisconsin. A-5216 


ALLIS-CHALMERS 
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Danger: Foaming Turbine! 


Time for Cities Service Pacemaker-T Oil 


No question about it—a foaming turbine lubricant means danger! 
Foaming hampers hydraulic governors and other control mechanisms 
that depend on the non-compressibility of an oil for proper operation. 
Generally, it’s not the turbine but the lubricant itself that’s to blame. 
For only a lubricant with the finest anti-foam additives—a lubricant 
such as Cities Service Pacemaker-T—can withstand constant churning. 
Equally important to flawless operation are the other qualities of 
Cities Service Pacemaker-T Oils: superior oxidation and rust resistance, 
excellent water separating qualities, and proper viscosity. 
If you'd like a more efficient operation—or want to know what type of 
lubricant is best for you—call in a Cities Service Lubrication Engineer. 
Or write: Cities Service Oil Company, Sixty Wall Tower, New York 5,N. Y. 


CITIES SERVICE 


QUALITY PETROLEUM PRODUCTS 
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World’s first large generator with liquid-cooled stator wind- 
ings shown prior to shipment to The Cleveland Electric 
Illuminating Company’s Eastlake Plant. 


To help meet 
tomorrow's power demands 


New General Electric 
design can double 
generator rating without 
appreciable size increase 


One of the most advanced generators ever designed 
and built went into commercial operation in 1956 in 
the Eastlake Plant of The Cleveland Electric Illumi- 
nating Company. This 260,000-kva, 30-psig generator 
is the world’s first large generator with liquid-cooled 
stator windings. 


THIS NEW TECHNIQUE is the most effective method of 
cooling yet devised. The liquid, which circulates right 
through the copper current-carrying conductors, re- 
moves sixteen times as much heat as could be removed 
through normal ground insulation with the same 
copper temperature. Efficient removal of heat by this 
conductor-cooling method combined with improved 
rotor designs means a unit’s rating may soon be 
doubled without appreciable increase in physical size. 


SIGNIFICANT SAVINGS in power plant construction 
costs are possible with units of higher ratings since 
more power can be produced in the same amount of 
floor space. In addition, generators with larger ca- 
pacities can be built and installed despite limitations 
on size imposed by shipping restrictions. 


RATINGS AS HIGH AS 500,000 KVA, without sub- 
stantially increased physical size over present large 
generators, are now possible because of this new 
General Electric development. For more information 
write for GER-1231, ‘Liquid Cooling of Turbine- 
Generator Stator Windings,’”’ Large Steam Turbine- 
Generator Department, General Electric Company, 
Schenectady 5, New York. 254-50 
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Tomorrow's equipment for 


Generator cooling makes big advance by circulating gas or 
liquid inside stator coils. Transgenerator—combined genera- 
tor and step-up transformer—may become reality 


Transformer designers look to gas for new insulating and 
cooling medium. Sulfur hexafluoride has many exceptional 
properties to recommend its use 


Rectifiers will play an ever-larger role as more processes 
require dc equipment. Semiconductors are moving fast 


Higher frequencies, above 60 cycles, are getting more atten- 
tion for lighting and high-speed machines 
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Transgenerator: 


Generators 


Trend in generator design is to pack more power 
into smaller packages. Improved cooling techniques 
and better insulation have made sizable contribu- 
tions toward this end, 


Turbine-generators 

Thermal limits on armature insulation will continue 
as a bottleneck in determining kva per cu ft of 
generator. But this headache is being alleviated 
as internal cooling of armature coils—using gas, 
oil or water—steps up heat-transfer ability of em- 
bedded coils. 

While gas circulated through ducts buried in 
stator coils has proven successful, liquids flowing 
through a honeycomb of hollow conductors in 
direct contact with the live metal have more to 
offer. Liquids are better heat-transfer mediums, 
table, below, and they permit smaller coil cross 
sections. Today, transformer-type oil is being used 
in the U.S., while, in Europe, water is making its 
mark as a generator coolant. Water is the most 
efficient heat remover, but risk of leaks, electrolyt- 
ic action or ‘scale in hollow conductors, has 
prompted caution. Nevertheless, its acceptance in 
this country appears certain. 

Internal gas cooling of rotating fields has estab. 
lished its value and will complement liquid-cooled 
armatures. Intricate labyrinths in the field coils 
and rotor core draw cool gas in, expel hot gas. In 
the future, liquids may be used for rotor cooling— 
but pressure from centrifugal force poses tough 
circulation and leak problems. 

Using more than two circuits in 2-pole stators 
is proving favorable. Circulating currents and 
consequent losses can be held within economical 
limits. Advantages: More coils of smaller cross 
section yield better cooling, reduce losses. 

With transmission voltages hitting new highs, 
the dream of generating at this level has vanished 
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except in industrial plants. Lower generating volt- 
age means less insulation, adds no significant com- 
plication in transformer design. Main objection 
is higher amperage in generator-to-transformer 
leads which makes heavier bus necessary. 

Two lively developments—more efficient cooling 
and multiple armature circuits—plus the designer’s 
aim to hold generator lead length to a minimum, 
suggest the feasibility of combining generator 
and transformer into one unit—a transgenerator. 
Nobody is building a transgenerator yet, but it’s 
getting serious thought. Combining generator and 
transformer magnetic circuits is too much to hope 
for; but using a common cooling fluid with one 
circulating and purifying system for both units is 
possible. Internal liquid cooling of generator stator 
might be extended to transformer’s low-voltage 
coils and core. With growth in outdoor generating 
plants, the compact transgenerator may make its 
debut in the not too distant future. 

Improvements keep coming along in more tradi- 
tional generator features. Coil insulations capable 
of withstanding deterioration by fire-resistant tur- 
bine lubricating fluids can be expected. While 


Relative properties of coolants 
point up advantages of water 


Practical Heat 

Specific volume removal 
Fluid heat Density of flow _ ability 
Air 1.00 1.000 1,000 1.00 
Helium, 0.5 tb 5.25 0.138 1.000 0.75 
Hydrogen, 30 Ib 14.35 0.210 1,000 3.00 
Hydrogen, 45 Ib 14.35 0.280 1,000 4.00 
Oil 2.09 848.000 0.012 21.00 
Askarel 1.09 1510.000 0.012 20.00 

50.00 


Water 4.16 1000.000 0.012 
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some manufacturers work with modified mica in- 
sulation, others bank on silicone rubber, New 
materials and geometry of mechanical parts will 
reduce losses, weight and bulk. More aluminum will 
be used for nonelectric, nonmagnetic elements. 

Exciter question is wide open except that fewer 
exciters will be generator-shaft driven. Electronic 
exciters, using mercury-arc rectifiers and provid- 
ing flexibility of control system, appeal to some 
engineers, while others swear by rotating exciter 
with rotating-type regulator. Inductor alternators, 
selenium rectifiers and combinations of both, each 
have their advocates. 


Waterwheel generators 

Because space for waterwheel generators is not a 
problem and speeds are necessarily slow, there’s 
not the same incentive to get more output from a 
given size generator. Radical design changes are 
not expected. Unit ratings will go as high as 
hydraulic conditions justify. (Units of 200,000 
hp are in the works.) Generators are shipped in 
large pieces, assembled on the site. 


Atomic generators 

Today’s atomic-generating plants use atomic energy 
to get Btu’s. But suppose some engineer hits on 
a practical way to generate electricity directly 
from atomic reactions, eliminating the thermal 
phase? Our familiar rotating generator could join 
the dodo at the museum. There’s nothing in sight, 
but with our rapid engineering progress, let’s 
not discount such a development, 


Synchronous capacitors 

Synchronous capacitors (or condensers) aren’t gen- 
erators; they’re more like “loadless” synchronous 
motors. Designwise, however, they’re close to gen- 
erators. Synchronous capacitors won’t compete with 
static capacitors for general power-factor correc- 
tion, but are in demand to stabilize arc-furnace 
and welding loads. Designers have been conserva- 
tive, sticking mostly to slow speeds. But loads 
justifying synchronous capacitors are huge and 
adoption of 3600 rpm to reduce size is expected. 
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BETTER COOLING SYSTEMS give impetus to growth of turbine- 
generator ratings. Internal coil cooling promises new upswing 
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WATERWHEEL GENERATOR RATINGS continue to climb. Top [in 
rating in future plants will be limited by hydraulic aspects ie 
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Kilovolts 


Megovolt — amperes 
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HIGHER VOLTAGE, BIGGER KVA ratings go hand in hand. CORE LOSSES diopped spectacularly in last two decades, ac- 
Further reduction in weight and bulk per kva will aid growth counting for big weight reduction, higher overall efficiencies 


Transformers 


Power transformers, like generators, continue to get close engineering 
scrutiny. Main object is to pack in more kva without cutting down reliability. 
Power transformers Research is now greatly assisted by computers which can cut weeks of cal- 
culations to a few minutes. Better performance with savings in weight and 
keep growing. Loss- bulk result from computer designs. 
: Gas, instead of oil, will be the insulating and cooling medium in tomor- 
; es, weight are cut row’s power transformers if early promises are fulfilled. Sulfur hexafluoride, 
SF, is favored today, but it’s not necessarily ultimate transformer gas. SF 
at 30 psig has insulating strength of oil, and with forced circulation heat is 
removed as effectively. Tank construction to withstand gas pressures give 
transformers a new look. Some local codes object to pressures, but in time 
they'll be reassured. Advantages of gas are (1) it’s nonexplosive, nonflam- 
mable (2) arcs in gas, caused by transformer failure, don’t increase pressure 
much; liquids decompose into gases, build up pressure that can rupture tanks 
(3) weight of gas is about 1/50 that of oil (4) gas transmits less noise. SF 
is nontoxic; it’s stable up to 200 C in presence of insulation. Before new- 
comer, gas, appeared, forced oil cooling (FOA) was on the way to dominat- 
ing the scene. FOA will keep growing until gas catches up. 

Better understanding of how insulation behaves under stress has led to 
reduction in insulation by as much as two classes. There’s saving in size, 
weight and impedance of transformers. Look for further moves in this direc- 
tion: new insulation, new geometry of insulating members, more exacting 
tests for insulating oil, improved lightning arresters. 

Other trends: Possibilities of grain-oriented core steels are by no means 
exhausted. “Quieter” steels are diligently sought, losses can still be cut. 
Three-phase transformers will keep crowding out single-phase. Higher volt- 
ages and bigger power blocks, coupled with stability consciousness, will 
accelerate new designs in load tap changers and induction regulators. Min- 
imum maintenance, extra long life are demanded of auxiliary equipment. 
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POWER-TRANSFORMER COOLING systems have shifted across IN-PLANT DISTRIBUTION TRANSFORMERS continue swing 
years. Present popularity of FOA is expected to yield to gas from liquid to dry types. Pressurized gas is moving in fast 


Sealed dry transformers are gaining in in-plant distribution race. Sealed 
as-filled transformers have stirred up a lot of interest; some engineers pre- rae . 
dict theyll put askarel in the There’s some In-plant distribution 
welded seals, but others favor tanks that can be opened. 
Operating temperatures for dry load-center transformers are pretty well 
established. Insulation is generally Class B, with Class H in use only where 
high ambients require it. What you may see are encapsulated coils in some of filled, dry types gain 
the smaller sizes of ventilated types. 
Aluminum strip, or foil, for transformer windings is still in experimental 
stage and no clear signs of a breakthrough are on the horizon. But there’s 
lively interest in the method. Turn insulation, in form of anodized strip, has 
given trouble along edges. On the other hand, experience gained from elec- 
tronic and control applications indicate good heat dissipation and favorable 
space factor. 
Wound grain-oriented cores give same efficiency with less steel, lighter 
weight. Costwise, they’re not yet in an advantageous position, but you can 
expect this picture to change as they’re more widely adopted by makers. 


transformers: gas- 


Instrument and control transformers will be produced in ever-increasing 
variety to meet needs of automated processes. If we include saturable reactors 
and magnetic amplifiers, there’s plenty of design activity. Control engineers Instrument and con- 
will have available as catalog items, transformers with characteristics now 
regarded as “special.” Miniaturization is a strong trend. Aluminum strip 
coils stand a chance to get started in control transformers. 

Promising innovation is encapsulation of current and potential transform- more diversified 
ers in epoxy or butyl compounds. This technique helps lick corona problems 
in h-v switchgear and controllers. Heat transfer is improved at same time. 


trol transformers get 
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Heavier loads and bigger available short- 
circuit currents will dominate thinking on 


circuit protection. Current - limiting, co- 


Circuit protection 


Key to circuit protection is a study of what can 
happen if short circuit occurs in an electrical sys- 
tem. Available short-circuit currents will continue 
to climb as load density grows both in the plant 
and supplying utility. Use of computers to study 
system characteristics and predict system behavior 
under abnormal conditions has just begun. These 
“board studies” have done much to change the 
thinking of industrial systems engineers. Such 
studies will be standard procedure for large plants 
of the future. 

Limitations of today’s circuit-interruption devices 
—circuit breakers and fuses—for handling tomor- 
row’s expected conditions are spurring the drive for 
new designs. Ideal circuit interrupter would be 
current-limiting and co-ordinating, with no funda- 
mental size limitations. Of many circuit-interrupt- 
ing devices being tried today, one may be the an- 
cestor of this ideal interrupter, or perhaps some 
entirely new principle will father it. 

Voltage class and frequency of operation de- 
termine suitability of different devices. In high- 
voltage range, above 15 kv, oil circuit breakers still 
predominate at upper voltage end. From 115 kv up, 
primary substation breakers are available that open 
circuit in three cycles. Above 34.5 kv, use of air- 
blast breakers is increasing. One manufacturer 
offers 2-cycle action; 8 cycles is typical today. 
There’s interest in vacuum switches in h-v area, 
and sealed gas breakers are being tried out. 

In lower h-v range, and in medium voltage 
range, (2.4 to 15 kv), fused load-interrupter 
switches continue to take over job of primary cir- 
cuit breaker where circuit interruption is expected 
to be rare—once in five to ten years. Where manu- 
facturing processes require reclosing in a few sec- 
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ordinating circuit breaker is sought 


onds, duplicate switchgear with rapid throwover is 
often the answer. Fuses used in these switches are 
high-interrupting capacity, or expulsion, type. 
They’re fast (down to 1% cycle), but not current 
limiting. They can be co-ordinated with other cir- 
cuit protective devices. Their acceptance for main 
secondary protection is growing. 

In 2.4- to 15-kv range we have oil, air-magnetic 
and sealed-gas breakers, air-break and vacuum 
switches all competing. Vacuum switches are backed 
up by fuses, frequently current limiting. Sealed 
gas breakers have turned in an excellent perform- 
ance, encouraging further research. 

For 600 volts and below, molded-case breakers 
share field with air-magnetic types. Current-limit- 
ing fuses have established themselves in this type 
of service, and will be used in conjunction with 
circuit breakers to a greater extent. 

Current limitation is much-desired characteristic 
of circuit-interrupting device, introduced by silver- 
sand fuse. These fuses cut off short-circuit current 
wave before it reaches peak. They do excellent 
secondary job, but have important limitations for 
high-voltage high-power applications. Refinements 
of silver-sand fuse don’t promise much, so heavy 
research is concentrated on finding another ap- 
proach to current limitation. 

Use of reactors and isolated bus to hold down 
available short-circuit current continues to grow. 
However, some engineers feel this is only a stop- 
gap measure. Reactance permanently in circuit 
causes voltage drop while stability is system design 
goal. There’s no hint yet on how it might be done, 
but having a high reactance cut into the circuit only 
when short circuit occurs would lick problem. 
New methods for extinguishing arc in all voltage 
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2.4- TO 15-KV PROTECTION: Minimum time required to in- 
terrupt short circuit and maximum short-circuit mva_ ratings 


classes are in the wind. Design of arc chutes for 
air-magnetic breakers is on the way to becoming 
an exact science. Gas, in the form of sulfur hexa- 
fluoride (previously discussed in connection with 
transformers) has much promise as an arc-quench- 
ing medium. Reports indicate that while its dielec- 
tric strength is only two or three times that of air, 
it can interrupt currents approximately 100 times 
those that can be interrupted in air in a plain break 
interruptor. SF. is very stable in presence of arc, 
and replenishment of gas in sealed interruptors 
would be infrequent. Small quantities of are-pro- 
duced decomposition products are known to be cor- 
rosive, but can be taken care of for the most part 
by absorbers. Rapid arc-quenching property of SF, 
recommends it for capacitor switching. 

In expulsion-type fuses, arc is extinguished by 
gases formed from decomposition of solid which 
surrounds fuse element. Fiber has been old standby, 
but new, more effective compounds are coming. 

Big trend in switchgear is to fire-retarding con- 
struction and materials—even tapes—that aren’t 
readily ignited by typical arcs. Epoxy resins and 
glass form large part of insulation. This type in- 
sulation is important from corona standpoint, a 
growing problem with higher voltages. Phenolic 
resins won't take corona beating. Silver-plated 
aluminum for current-carrying parts has weight, 
cost advantages, but presents some problems. New 
ways to deal with it are sought. 

Today, all major components are draw-out. Con- 
trol relays are mounted right on breakers; test 
equipment is usually supplied. Movement toward 
smaller, more compact equipment is about at an 
end. Accessibility for easy maintenance is limiting 
factor. However, low-maintenance life is expected. 
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600 V AND BELOW: Interruption times and short-circuit cur- 
rent ratings. Current-limiting fuses can be used with breakers 


Substations 


Secondary, or load-center, unit substations 
are almost universally accepted today. To- 
morrow’s unit substations will retain main 
features, but look for some improvements. 
Molded-case breakers backed up by current- 
limiting fuses could make for smaller sub- 
stations. In many applications today, where 
plant atmosphere is dirty or corrosive, unit 
substations are put in an air-conditioned 
room. Next step may be a prefabricated air- 
conditioned cubicle enclosing unit sub. 
Other special packages will come along. 
De rectifier substations, already in existence, 
will gain in popularity. Combined unit sub- 
stations and oontrol centers are feasible. 
Unit substation idea is extending to out- 
door, primary substations. Complete pack- 
ages are not so practical in primary subs, 
however. Voltages are high, transformers 
generally will have to remain outside the 
“package.” Weatherproof, prefabricated en- 
closures for switchgear, with walk-in space 
permitting circuit breaker to be drawn out 
and serviced inside the enclosure, are here 
now. As primary substation auxiliaries— 
voltage regulators, tap changers, monitoring 
devices—get more complicated, need for “in- 
tegrated” primary substation will be greater. 
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Higher voltages push search 
for better primary cable in- 
sulation. Bus duct keeps up 


growth in secondary area 


Conductors 


i. 1 Insulation is vital part of cable in all voltage classes, 
| is center of cable research program. Polyethy- 
lene promises most among synthetic insulations 
. now in use. Today, rubber is not likely to be 
144.0 —+}76 +——{},6— _ natural rubber; it’s more likely butyl rubber. In 
E ba |= low-voltage range, thermoplastics have taken over. 

TS In-plant primary distribution is mostly by insulated 
cables, except for bus bar in vicinity of substations. 
® 5 Pe q Higher primary distribution voltages increase de- 
g 150 “A 31 3 mands on insulation, including corona problems. 
3 . | Manufacturers will keep stepping up production 
quality and testing accuracy to insure reliability. 
4 =e In 2.4- to 15-kv range, rubber, varnished cambric 
and polyethylene are competing today, but poly- 
40 J ‘| ethylene is likely to push varnished cambric out 

23 i of the picture. 

| Polyethylene has excellent dielectric properties. 
It is resistant to moisture, light in weight, costs less 
than comparable rubber cable. There are installa- 
tions up to 38 kv today, and enthusiastic advocates 
06 H -i}/ of polyethylene see it, in slightly modified form, 
E as the high-voltage insulation of the future. More 
5 conservative engineers, however, are cautious about 
il : il its thermal characteristics: coefficient of expansion, 
1930 1945 1957 1970 melting point, temperature at which oxidation 
Coble Rubber emma poy Peper~estié takes place. Polyethylene is used extensively as a 


ieee ME (Oil-filled E& pipe type Gas pressure (1) cable sheath, in place of lead or on top of it, be- 
PVC MMMM (Oil-filled only in!930) Polyethylene == cause it withstands chemical and electrolytic cor- 


CABLE INSULATION matches voltage range. Oil-filled and pipe- rosion. Irradiated polyethylene, a new variant that’s 
type cables are counted on for top voltages, but watch polyethylene more chemically and thermally stable, is being 
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Chemical cells aren’t often thought 
of, these days, as system components, 
but they’re still doing an essential 
job—electric energy storage. Some 
engineers predict that central stations 
and industrial plants of the future 
will have more need for dependable 
control power, and hence batteries 
in greater variety of size and char- 
acteristics. Emphasis will be on low 
maintenance; ideal battery could be 
connected into service and require no 
attention during reasonable life. 
Such an ideal would almost necessar- 
ily have hermetically sealed cells. 
Sealed cells can be expected in not- 
too-distant future; very small nickel- 
cadmium-alkaline sealed cells are 
here today, outside the power field. 

Low - maintenance, economically 
practical batteries will come from 
further development of plate alloys. 


Storage batteries 


Example of this type is lead-calcium 
alloy with acid electrolyte. Such bat- 
teries are self-regulating with respect 
to charging current. Though they 
corrode, corrosion products aren’t 
impurities. Result is you have high 
back emf, low-charging current, and 
hence low water-renewal rate. They 
require carefully controlled charge, 
generally more expensive auxiliaries. 

Researchers are also after lighter, 
smaller, more efficient, more reliable 
batteries. New chemical combinations 
are being tried out. Silver-zinc-alka- 
line cells pack energy in small space, 
but so far, they’ve proved to be short- 
lived and prohibitively expensive. 

Energy storage by other than 
electrochemical cells is getting atten- 
tion. Fuel cells are perfectly revers- 
ible, and offer possibilities for large 
volume energy storage. 


watched closely. It’s ability to shrink and seal itself 
tends to produce void-free insulation. 

For voltages above 15 kv, paper insulation with 
lead sheath is still counted on, with oil-filled and 
pipe-type cable at very top, 60 to 350 kv. New in- 
sulation is sought to get past 350 kv. 

Recent tests indicate that losses make it uneco- 
nomical to operate cables at temperatures much 
above 80 C. Continuous-duty temperatures (except 
in case of high ambients) is not an important fac- 
tor in development of new insulations. 

Aluminum, as a conductor in insulated cables, 
will continue to win converts where reduced weigtht 
is more important than increased diameter. Trend 
toward overhead distribution in racks and troughs 
may help. But aluminum will need a big price ad- 
vantage to seriously displace copper. As cable 
sheath, aluminum will give lead some competition. 
In addition to its lighter weight, it is tougher (but 
not as flexible). Extruded aluminum power cable 
will soon be produced in sizable quantities. 
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Interlocked armored cable, enjoying boom in 
2.4- to 15-kv range, can expect still wider accept- 
ance, as makers adapt it to variety of conditions. 


Secondary distribution 
Bus for secondary feeders is gaining in many in- 
dustries. Where large blocks of power must be 
distributed at under 600 volts, aluminum bus is 
likely to be doing the job. Variety of shapes and 
fittings make installation easy. There’s a lot of 
engineering going into design of aluminum bus 
systems: how to lick connection and expansion 
problems, how to calculate mechanical stresses of 
short-circuit surges, etc. 

Bus duct, prefabricated and requiring minimum 
labor to install, is capturing a big slice of new in- 
stallations. Aluminum conductors are widely used. 
There'll be still wider use of plug-in bus duct to get 
flexibility in secondary systems. Manufacturers will 
add to long list of devices easily installed and re- 
located along the bus-duct runs. 
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CURRENT AND VOLTAGE ranges of single-units of various rectifier types. 
Not included are hot-cathode rectifiers often used for variable-speed dc drives 


Conversion 


Tomorrow’s automatic plants will have 
big demand for direct current and high 
frequency power, most of which will be 
converted from 60-cycle ac supply 
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Ac to de 

Metallic, or semiconductor, rectifiers are making 
big strides toward taking over ac to de conversion. 
Their characteristics aren’t able to match all the 
characteristics of each of their rivals, at least not 
yet. There will probably always be some jobs which 
will require motor-generator sets or mercury arcs. 
Germanium is fastest growing member of the semi- 
conductor family. It has marked advantages over 
selenium: long life (no limit is yet indicated), 
higher efficiency, better regulation and can take 
higher peak inverse voltage. There’s no limit to 
current capacity of an installation; you simply add 
up thousands of tiny cells in parallel. Silicon, com- 
ing up rapidly, has inherently higher voltage range, 
with most other good qualities of germanium. It 
will be a strong contender and may even over- 
shadow germanium. Still other semiconductors may 
someday move over from the electronics labs where 
they’re getting workouts; but as yet none has ap- 
peared on the power horizon. 

Small size of germanium and silicon cells (they 
rectify several hundred amperes per square inch) 
makes them easily assembled in cabinets as part 
of load center, or in separate air-conditioned room. 
High power concentration makes cooling impor- 
tant. Direct cooling by tubular bus that carries both 
current and liquid is in use, as is forced air and 
air-to-water. Water, perchlorethylene and other 
liquids are being tried for direct cooling. Better 
cooling systems can be expected to further increase 
cell’s ampere output. 

Sealed mercury-arc tubes continue to gain in 
popularity, and their possibilities have by no means 
been exhausted. Today’s 1000-amp single-tube 
rating won’t stay the limit. For voltage above 600 
volts, they’ve got the field pretty much to them- 
selves. Unique advantage is adaptability to control. 
Ignitrons can be used as inverters, turning dc to ac. 
In steel mills and some other applications they 
are used to return power to the line. Today’s re- 
newed interest in dc transmission includes ignitrons 
as inverters. As excitrons, mercury-are tubes are 
crowding into the m-g set stronghold—variable- 
speed dc motor drives. With improved tubes “pack- 
aged drives” may someday be mostly mercury-arc. 

Motor-generator sets will be around for a long 
time to come. On large de drives, as in many steel- 
mill operations, where there are quick reversals and 
wide ranges of speed and torque, the m-g set does 
job best. Its characteristics, operation and main- 
tenance are well known. Larger units than those 
now in operation are being planned. 

Mechanical rectifiers have been set back in the 
United States, although European makers are still 
enthusiastic. Need for skilled maintenance is at 
bottom of loss of interest. Mechanicals have highest 
efficiency yet achieved, (theoretically, germanium 
can match it). When mechanical rectifiers are better 
understood, they may stage a comeback, 


POWER ° SEPTEMBER 1957 * 75TH ANNIVERSARY 


Fluorescent ond 
mercury lomps 


Induction heating 


Hand tools | 
Motors | 


APPLICATIONS of higher frequencies will keep grow- 
ing. Dielectric heating uses 2 to 200 megacycles and up 


60 cycles to higher frequencies 

There are lots of jobs that need, or are done better, 
with frequencies higher than 60 cycles. High-speed 
machine tools, hand tools and induction heating 
use hf. Mercury and fluorescent lamps, and elec- 
troluminescent panels perform better. Percentage of 
hf applications is going up with trend to higher 
speeds. However, you can’t pinpoint ideal fre- 
quency. From 120 to 1000 cps may suit machine 
tools, while several megacycles are needed for 
dielectric heating. Rotating generators and static 
converters handle frequencies up to 3000 cps, with 
electronic units taking over for the super fre- 
quencies. Wider use of hf power centers attention 
on low-maintenance static converters. We can ex- 
pect them to be perfected and become competitive 
in price with rotating equipment. Today’s static 
converters are up to 25 kw. 

Plant-wide distribution at some frequency above 
60 cps will be seen more often. Frequency will be 
the one best for majority of process machines. 
Most conversion will continue to be done on local 
basis, however. Frequency can best be matched 
to process needs, including variable frequency in 
some cases. Distribution problems, important above 
1000 cps, are kept to minimum. Local conversion 
is in line with load-center electrical distribution. 
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Motors 


Motors are grouped broadly into small motors and 
large motors. Small motors, mass-produced and 
supplied from stock, have been generally considered 
to be not larger than 200 hp at 1800 rpm. You can 
expect the small motor range to expand upwards. 


Small motors 

While variety of enclosures will remain available, 
trend is to three types: standard (which were for- 
merly called dripproof), totally enclosed, and total- 
ly enclosed fan-cooled. Latter two have largely 
replaced splashproof and a variety of special-in- 
dustry frames. Explosionproof motors are being 
widely applied, even where hazard is small. Look 
for more specialization where it pays off, coupled 
with greater versatility of stock motors. 

What we've said about frames holds for electri- 
cal characteristics. Makers will offer wider lines 
of semi-specialized motors in keeping with new 
automatic processes that often require special char- 
acteristics. Note recent marketing of reluctance 
type (synchronous induction) motors. Leading 
general-purpose motor will continue to be squirrel- 
cage induction, and may push synchronous still 
farther out of lower-hp picture. (Induction motors 
and capacitors are generally preferred for power- 
factor improvement.) Wound-rotor motors are not 
likely to change much, though in some cases, they 
may be replaced with dc for better speed control. 
Lively interest in dc has prompted manufacture of 
smaller, more responsive stock-line de motors. 
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SPEEDS AND HORSEPOWER RATINGS practical for synchronous and induc- 
tion motors. The power factor of induction motors declines with the speed 


Trend in recent years has been to more horse- 
power per motor frame. Better designs, especially 
in insulation and ventilation, have made this pos- 
sible, tolerating some loss in electrical efficiency. 
Result is lower first cost, easier installation and 
maintenance. End of trend may be at hand; the 
fat has been engineered out of motors; further 
shrinkage brings up some tough practical con- 
siderations. In most applications, need for smaller 
motor doesn’t justify high temperatures. Design 
problems soon push first cost up rather than down. 

Insulations will get still better. Emphasis more 
likely will be on chemical and mechanical (vibra- 
tion) resistance, not thermal. Don’t expect im- 
mediate radical changes in insulation systems, such 
as glass, ceramic or epoxy slot insulation baked 
right onto the core. Silicone products, because of 
their corrosion and vibration resistance, and good 
aging qualities, will be more widely used in motors 
other than Class H. Silicone rubber will show gains. 

On the bearing front, you'll see even more pre- 
lubricated ball bearings, fewer sleeve bearings. Con- 
troversy over lifetime lubrication isn’t settled. 
Some manufacturers offer bearings that don’t need 
grease for ten years—but provide means for lubri- 
cation if you feel you must. 


Large motors 

There were never the same incentives here for 
reducing physical size to horsepower ratio as there 
were with small motors. Since they’re not assembly- 
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TERMINAL VOLTAGES for which it’s practical to design syn- 
chronous and induction motors of various horsepower ratings 


line jobs, reducing cost by a few dollars per unit 
is not so significant. There are engineering con- 
siderations, too. Induction motors, for example, 
need large rotors to absorb heat of starting. Small 
motors snap right up to speed; but large ones take 
an appreciable amount of time. Major changes in 
frame design (with some saving in bulk) have ob- 
ject of better protection and ventilation. More of 
the big ones will be put out into the weather. 

Horsepower ratings are going up. Largest motors 
are in pumped-storage hydro plants. (104,000-hp 
motors are on the way.) For industry, single-stator 
motors of this size won't be attempted. Trick is to 
put two or more rotors on one shaft, or tie multiple 
shafts together with gears to make a “motor.” 

Speeds are going up, too, with more 3600 rpm 
being applied. In fact, electric motors are losing 
out to steam turbines for boiler-feed pumps because 
top 60-cycle speed isn’t fast enough. Slow-speed 
motors will have their place; one is for multistage 
reciprocating gas compressors and liquefiers. You'll 
see more variable speed in larger sizes. De, standard 
in steel industry, will grow in others. Magnetic 
couplings are ac answer to many variable-speed 
problems. For others, improved liquid rheostats 
will extend application of wound-rotor motors. 

Very large motors at 13.2 kv are no longer rare, 
but there’s direct relation, based on coil conductor 
size, between hp and highest voltage. It’s difficult 
to insulate and mechanically support a coil with a 
single turn of fine magnet wire. 
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Controls 


Controls for motor starting and speed adjust- 
ment, and for regulating heating, welding and 
electrolytic loads will get more complicated 
as loads get bigger and operating cycles more 
complex. Controllers will have larger currents 
to interrupt and reclose. Higher speeds of op- 
eration will be needed. Voltage instability 
is problem likely to be with us for a while. 
Contactors have to pick up and hold in under 
wide shifts. Ac contactors with de coils and 
rectifiers, and adjustable characteristics, are 
here today. 

Desire to cut installation cost encourages 
putting as much control equipment in pack- 
age as possible. Current-limiting fuses and 
reactors, power-factor capacitors may be- 
come standard. There'll be more use of static 
components—magnetic amplifiers, saturable 
reactors, transistors, etc. Quick response and 
lack of moving parts recommend them. But 
don’t expect them to retire contactors and 
relays altogether. Components adapted from 
electronic service will be beefed up for power 
work—screw terminals on electron tubes, 
rugged printed circuits. 

Miniaturization is strong trend, to some 
extent at expense of interchangeability. Parts 
will be built for specific operation, junked 
rather than repaired. Where reliability is 
prime aim, premium controllers will be used. 
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Lighting 


Higher illumination levels, 
improved light sources, more 


visual comfort is promised 


for tomorrow’s lighting 


Lumens per wott 


Typical fluorescent lamps, 
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INCREASING FREQUENCY boosts 
efficiency, reduces the weight and cost of auxiliaries 


Cycles per second 


fluorescent lamp 


Illumination levels have climbed steadily from 
early days of electric light. Tomorrow’s automatic 
plants, with more complicated machinery and more 
instruments to read, are going to get more foot- 
candles. Today, 100 to 150 foot-candles are con- 
sidered very good, but upper limit is not estab- 
lished. Experiments indicate good seeing results 
with levels as high as 450 foot-candles. 

Quantity of light, however, is not the direction 
in which biggest gains will be made. Today’s exten- 
sive research in visual comfort will pay off in light- 
ing systems which promote worker efficiency and 
reduce fatigue. Lighting as a factor in quality con- 
trol is also going to be better understood. 

High-frequency power will play a big part in 
future development of fluorescent and mercury 
lighting as well as electroluminescence. To get 
better efficiency (more lumens per watt) or higher 
output (more lumens per lamp) designer’s best 
bet is to go to a higher frequency than 60 cycles. 
Today’s high frequencies are in the 400 to 1000 
cps range. They allow use of ballasts that are small, 
light, inexpensive compared with 60-cycle ballasts. 
Combinations of inductive and capacitive ballasts 
give unity power factor at the luminaire. Or all 
capacitive ballasts can be used and power factor 
corrected by a single inductor near the hf converter. 
At present, lamps are not made especially for higher 
frequency, but soon will be. Engineers are experi- 
menting with frequencies up to 10,000 cps, and 
may go higher. With higher frequencies we may 
see the day when mercury ballasts are built into 
the lamps, thus greatly simplifying installation. 
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Reflector bulbs 
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fluorescent 
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Mercury 
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EFFICIENCY of electric lighting has kept in step 
with the introduction of new designs in light sources 


Converters today are mostly rotating. Mainten- 
ance-free static converters are relatively expensive, 
but probably won’t remain so for long. It’s a safe 
bet that static converters will be improved, and 
costs will drop to a level approaching dry-type 
transformers. Distribution problems, especially im- 
portant above 1000 cps, will also be licked under 
incentive of high-frequency advantage for lighting. 

Electroluminescence is a new light source with 
great promise. It’s a true area source—the sort of 
lighting we’re after with luminous ceilings lighted 
by banks of fluorescent lamps. Uniform brightness 
is produced. There’s a lot of work still to be done 
before electroluminescence is a practical white- 


light source, but we’re on our way. Here again, 
high frequency may provide the key, although 
there are optimistic results in the 60 to 400 cps 
range. Present day lumen output per watt is low 
(under five lumens per watt), but engineers see no 
fundamental obstacles to high efficiency once the 
best way to make electroluminescent panels has been 
worked out. There’s no reason, either, why color 
quality can’t some day be as good, or better than, 
today’s light sources. 

Electroluminescence will have practical applica- 
tions in other fields before it becomes a light source. 
It’s suggested for high-reliability indicator lamps 
since chances of sudden failure are slim. 


Industrial television 


Manufacturers of closed-circuit television systems 
for industrial purposes have brought out a great 
variety of equipment in the last few years. Cameras 
have ben adapted for looking into atomic reactors, 


and for more familiar observations such as furnace’ 


flame conditions. Systems are supplied ready to in- 
stall with simple plug connections. Cameras can 
be remotely adjusted where desirable. Weather- 
proof cameras are available. Colored television 
has been introduced. Further refinements can be 


expected to meet any condition. Slow-scan tele- 
vision, suitable where objects observed don’t move 
rapidly, can be transmitted by ordinary telephone 
sound circuits. 

Possible roles for television in the industrial 
plant aré numerous, but how rapidly it will be 
adopted is hard to predict. Prime objects in de- 
sign of tomorrow’s plants are to cut manpower and 
monitor production from central location. Closed- 
circuit television can be a valuable adjunct. 
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Heating and welding 


Cost differential between electric resistance heating and 
heating with fuels continues to diminish, making it ec- 
onomical to utilize advantages of electric heating. Electric 
heating is easily and accurately controllable. Maintenance 
is simpler than with steam or gas; replacement of defective 
units takes less time. Desired temperature can usually be 
reached faster. Heater elements can be effectively sealed, 
making them safer than gas. 

Electric heat-treating ovens and furnaces are made to 
handle virtually every type of process in metal, ceramic, 
plastic, lacquering and other industries. Vacuum furnaces 
for processing and melting are growing in use. Immersion 
heaters are made for tanks and for inclusion in continuous- 
flow liquid lines and in air or gas ducts. Electric heating 
jackets are competing with steam in many continuous proc- 
esses. Electric space heating is now getting attention, and 
can be expected to take a big share of tomorrow’s plant 
heating. 

Long life has come to be expected of sealed heater ele- 
ments. In form of wire and cable they’re buried in concrete. 
New resistance materials are being developed to improve 
characteristics. Molybdenum-tube heaters operate at 3000 C 
and nonsagging alloys have been patented. 

Induction and dielectric heating, welding and annealing 
methods are taking on bigger and bigger jobs. Many oper- 
ations now done by gas or arc welding will be accomplished 
by new developments in induction techniques. 


New electric loads 


Ways are continually sought to do things electrically which 
were formerly done by other methods. The transition has 
gone on since the first days of electric power—first lighting, 
then motors, metal refining and plating, and now heating. 
It has been predicted that if 10% of the heating now done 
by gas were turned over to electricity, our annual electric 
load would be doubled. In any event, heating and induction 
welding loads are pegged for tremendous growth. Electro- 
lytic processes are in for a big boost also. A whole new 
group of metals, such as titanium and germanium, are 
coming into large-scale production. These, and such gases 
as fluorine, are produced electrochemically. Air condition- 
ing, now swelling commercial-building loads, is growing 
steadily in industrial plants. Heat pumps are catching on 
where climatic conditions make it economically feasible. 
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The world of scietice behind 
EXIDE-MANCHEX BATTERIES 


Being interviewed is E. L. Daniels, Jr., development engineer 


‘“‘These wide open spacers boost battery power’”’ 


At the Exide Laboratories—Reporter: When is it most important for a 
battery to have maximum power, Mr. Daniels? 


plates for better constant load battery per- 
formance. And the open spacers allow used 
active material to fall more readily to the 


Daniels: Under short, heavy loads—such as bottom of the jar 


when equipment is switched on or off. 
Reporter: How do the wide open spacers help? 
Daniels: By providing a shorter, more direct 
current path between the plates. Hence the 
internal resistance of the battery is reduced. 
This is reflected in improved voltage, increased 
current capacity, and less heating under load. 


Daniels: Yes it is. But it’s only one of the 
many engineering details that contribute to 
their long life and high performance. 


Note to battery users: Whenever you order 
batteries for float or cycle service in stationary 


Reporter: Are there any other advantages to 
these spacers? 


Daniels: Yes, electrolyte has easier access to 


applications, be sure to specify Exide-Manchex. 
Write for detailed bulletin. Exide Industrial Divi- 
sion, The Electric Storage Battery Company, 
Philadelphia 2, Pa. 


THE ELECTRIC STORAGE BATTERY COMPANY Exide 


Be 191 


POWER * SEPTEMBER 1957 * 75TH ANNIVERSARY 


1 
a 4 
4 
: 

« 


75TH ANNIVERSARY * POWER * SEPTEMBER 1957 


i 


ELEM 


AAI 


Be 192 


be 


Here’s how 


Westinghouse power centers 
increase plant output...safely 


Safe, efficient power distribution that actually helps increase 
plant output... that’s what this Western Pennsylvania manu- 
facturer realized by installing modern Westinghouse dry-type 
power centers. ‘ 

Dry-type power centers minimize installation costs because 
they are completely safe. Since they are both fire and explosion 
resistant, they can be located right in the production area. They 
require no vaults, catch basins, toxic gas vents, or drains. Light- 
weight, they can be installed overhead, releasing valuable floor 
space for production. This makes it easier to locate them close to 
the load they serve, shortening secondaries, cutting line losses, 
improving regulation. The result: Increased production efficiency. 

In the plant pictured at the left, two Westinghouse power 
centers divide the load. Capacity is provided in each to allow 
for expansion. 

Add these up for your plant: (1) Safe, economical installations. 
(2) Increased production space. (3) Increased plant efficiency 
through improved regulation. (4) Savings in power cost 
through reduced losses. (5) Savings in heavy copper through 
shortened secondaries. 

Westinghouse power centers can bring these advantages to 
your plant, too. Because they are factory assembled and co- 
ordinated as one unit, with components designed to meet your 
individual requirements, they can be installed quickly and easily. 
For further information, check with your contractor, your 
Westinghouse distributor or local representative, or write direct 
to Westinghouse Electric Corp., P.O. Box 868, Pittsburgh 30, Pa. 


you can SURE...1¢ iTS 


Westinghouse 
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_BREAKER 
DESIGN 


The first oil circuit-breaker 
in practical service. 


The world’s largest 
airblast breaker, 345 kV. 


BROWN BOVERI 


19 RECTOR STREET oe NEW YORK 6, N. Y. 


Atlanta, Ga. * Birmingham, Ala. * Boston, Mass. * Buffalo, N. Y. * Chicago, Ill. * Cleveland, O. * Dallas, Tex. * Denver, Colo. * Detroit, Mich. 
Hamilton, O. * Jacksonville, Fla. * Kansas City, Mo. * Knoxville, Tenn, * Miami, Fla. * Minneapolis, Minn, * New Orleans, La. * New York, N. Y. 
_ Pasadena, Cal. * Pittsburgh, Po. * Portland, Ore. * Roanoke, Vo. * Son Francisco, Cal. * San Juan, P. R. * Syracuse, N. Y. * Tucson, Ariz. 
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Once again ELLIOTT builds 
largest 2-pole induction motor 


last year ‘= C ) this year it’s 6000 HP 


3600 RPM 


it Was 
5000 Aeather In fact, Elliott is now building four 6000-hp 2-pole squirrel- 
cage induction motors—all of them the largest ever built. 
(see 1956 advertisement) nite ===: | The one shown under construction above (totally-enclosed, 
| water-to-air cooled) will drive boiler-feed pumps for a large 
ELLIOTT eastern utility. 
-ins1S illite Elliott’s continued leadership is shown by the fact that 
| Elliott has recently built or has on order 39 of the largest 
2-pole machines. . . 
> 11 motors each 4500 hp 
> 24 motors each 5000 hp 
> 4 motors 


That’s a lot of horsepower. And it reflects confidence in 

: pa Elliott’s long experience in building large 2-pole machines. 
oTT Company The first large 2-pole motor ever built was manufactured by 
Elliott in 1916. Since then, Elliott has developed numerous 
design improvements including weather-protected motors, 


fabricated steel enclosures, and “‘super-quiet”’ machines. For 
complete information, write Elliott Company, Ridgway, Pa. 
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SMALL DRY-TYPE TRANSFORMERS VENTILATED DRY-TYPE LOAD 


Single-phase and three-phase. 1 CENTER TRANSFORMERS 
to 300 kva, 600 volts and below. Wagner also builds Nitrogen 


sealed dry-type transformers. 


Protected types to meet 
your need. 3 to 50. 


LONG 


BRANCHES AND DISTRIBUTORS 
IN ALL PRINCIPAL CITIES 


ELECTRIC MOTORS e TRANSFORMERS e@ 
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DOWN SUBSTATION POWER TRANSFOR! 
Standord and special designs, in the 
modern power systems, 


| FOR EVERY NEED... 


UNIT SUBSTATION TRANSFORMERS INDUSTRIAL SUBSTATION 

Oil-filled and Noflamol (non- Mere POWER TRANSFORMERS 

inflammable liquid) -filled. Medium sized transformers built 
: to ASA Standards C57.12b. 


: 
Compad, light in for urbon ond rural distribution lines, 
protected typet. 167 kva and below. Wogner also builds Network and Subway trans 


INDUSTRIAL BRAKES ¢ AUTOMOTIVE BRAKE SYSTEMS—AIR & HYDRAULIC 


Wagner Electric Corporation 


6415 PLYMOUTH AVENUE, ST. LOUIS 14, MO., U.S. A. 
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Regulex Rotating Regulators 


® Stability during high power-factor operations. 
® increased operating limits through automatic 


minimum excitation. 
® High sensitivity and rapid response. 


For complete answers to any regulator problem, call your 


A size and type 
for your specific needs 


Magnetic Amplifiers 
..-high sensitivity 
---low maintenance 


Designed for applications requiring high sensitivity and 
response, where regulator is subjected to shock, or where 
continuous performance is a prime factor. Used in con- 
junction with Regulex unit when reversed polarity out- 
put is required. Since the magnetic amplifier has no 
moving parts it requires little maintenance. 


Regulex and Rocking Contact are Allis-Chalmers trademarks. 


Rocking Contact 


Regulators for voltage regulation 
of smaller ac and dc generators. 


® Varies resistance in exciter shunt field by rocking 


action of contacts. 


movement of contacts. 


A-C representative, or write Allis-Chalmers, General Prod- © No sluggish relays. 


ucts Division, Milwaukee 1, Wisconsin. 


® No vibrating or sliding 
contacts to wear, 


ALLIS-CHALMERS 
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Conductors placed in 

Graphite Mold. Cartridge dumped in 
crucible and ignited 
with a flint gun. 


*THE CADWELD PROCESS 


A controlled reduction of copper oxide with aluminum 
producing molten copper at approximate 4000° F. 


A CADWELD CONNECTION 


@ Cannot loosen or corrode. 
@ Cannot be damaged by excessive overload. 
@ Has current carrying capacity equal to that 


of original conductor. CATALOG 
Light weight portable equipment — ideal for field ON 


k. 
REQUEST 


Conductors welded by Cadweld. 


ERICO PRODUCTS, INC 


2070 EAST 61 PLACE © CLEVELAND 3, OHIO 
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to 125-hp 


EG. US PAT. OFF, 


EASIER MAINTENANCE 


 DRIPPROOF 


eneral Electric 72/55 CLAD Motors 


4 
| 
> 


in New NEMA Ratings Offer... 


LIFE 


WEARS AHEAD BENEFITS 


DESIGNED FOR GREATER PROTECTION— BUILT TO PROVIDE LONGER LIFE—Longer ENGINEERED FOR TOP PERFORMANCE— 


Better protected against physical damage by 
rugged cast-iron frame and endshields, new 
General Electric Tri-Clad ‘55’ motors are 
built to handle many applications where 
ordinary dripproof motors cannot be applied. 


stator life is provided through use of new 
advanced insulation system on the Tri-Clad 
‘55’ motor utilizing Mylar* slot insulation, 
Formex(R) magnet wire, non-wicking Geo- 
prene(®) leads and Dri-Film(®) silicone coating. 


Improved rotor is solid cast from commercially 
pure aluminum for greater strength, higher 
conductivity. Integrally cast rotor fans on 
the G-E motor conduct heat to the air stream 
more effectively than separately joined fans. 


*Registered DuPont Co. Trade-mark. 


FOR COMPLETE INFORMATION 


Section 891-6B 
GENERAL ELECTRIC COMPANY 
Schenectady 5, New York 


Please send me the following publications: 
C) FREE BULLETIN (GEA-6602) describing the many advanced features of new 
Tri-Clad ‘55‘ motors up to 125 hp. 


() FREE SLIDE RULE (GEN-148) to determine weight and space-saving benefits 
of new Tri-Clad ‘55‘ motors. 


FOR COMPLETE DETAILS on the new line of 
Tri-Clad ‘55’ motors up to 125 hp, contact 
your local G-E motor distributor or the sales 
engineer at your nearby General Electric 
Apparatus Sales Office. You will get expert 
assistance in selecting and applying the right 


motor for your particular application. NAME 

FOR FREE SLIDE RULE—which lets you deter- TITLE 
mine at a glance the weight and space-saving COMPANY 

benefits of recently announced NEMA stand- 

ards for larger motors—and for informative, ADDRESS 


free General Electric Tri-Clad ‘55’ motor 
bulletin, please send attached coupon. 


CITY & STATE 


Progress ls Our Most Important Product 


GENERAL ELECTRIC 


- 
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METAL-CLAD SWITCHGEAR 


EASY INSTALLATION SAVES YOU TIME AND TROUBLE 


1-T-E pre-engineers your installation before shipment...eliminates 
last-minute on-the-job fitting of switchgear to channel base 


1. Complete drawings in advance. Shortly after placing 
your order, you will receive complete drawings showing 
the floor plan layout, outline dimensions, and single line 
diagram of the entire installation. 


Long before delivery of your I-T-E Metal-Clad 
Switchgear, you begin benefiting from the preliminary 
engineering and construction work which is a part of 
I-T-E’s service to customers. It’s another extra as- 
surance of dependable performance you can expect 
from I-T-E equipment. 


Floor plan, outline and single line drawings are 
supplied well in advance. Hence conduit can be run, 
floors poured, channel base set in place, and cables 
pulled. The switchgear, when it arrives, can be moved 
into position and connected according to plan quickly— 
saving you many installation hours on your premises. 


I-T-E’s advance planning for you helps insure that 


fabricated, painted channel base delivered first. 
Shipped upon request, well ahead of other equipment. 
Foundation bolt holes are pre-drilled to align with holes 
in switchgear housing. 


your switchgear installation can be completed well with- 
in the time allowed by your construction schedule. 


In addition, of course, you benefit from the superior 
engineering, design and construction of the various 
components making up an I-T-E switchboard—all of 
which contribute to its faithful trouble-free performance 
for years after the installation. 


If you are planning new construction, get full details 
on I-T-E Metal-Clad Switchgear, rated through 13.8 
kv, 3000 amperes continuous and 750 mva interrupting. 
Contact the [-T-E sales office near you. Or write for 
Bulletins 7004B and C. I-T-E Circuit Breaker Company, 
Switchgear Division, 19th & Hamilton Sts., Phila. 30, Pa. 


I-T-E CIRCUIT BREAKER COMPANY— Switchgear Division 


IN CANADA: EASTERN POWER DEVICES, LTD. 
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3. Sure fit—no delay. Channel base is embedded into the floor first. 
Then when switchgear is delivered it can be installed immediately. 
Sturdy I-T-E housings can be lifted in one piece by toe jack or chain 
hoist without distortion. 
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Charles Truman Hibbard, inventor of the basic 
system for automatic synchronous motor starting, 
holding today’s Polarized Field Frequency Relay. 


HAD STARTED “BY EAR” 


UNTIL E-M 


INVENTED 


PFR AUTOMATIC STARTING 


TODAY’S MOST RELIABLE 
SYSTEM IS 40 YEARS OLD 


In the old days it was quite a trick to start a synchro- 
nous motor. A special operator used to poise tensely 
at a switch — ears keyed to the rising pitch of a whir- 
ring motor... then CLICK! — He applied d-c excita- 
tion to the field at the split second the speeding motor 
appeared to reach the critical pull-in speed. 


The motor would jar to an abrupt halt if the switch 
were closed a moment too soon. Line voltage would 
fluctuate and possible motor damage would result. Or, 
if excitation were applied too late, prolonged heavy 
starting current would impair line voltage. 


In one quick stroke, all this hit-and-miss guesswork 
was abolished. In 1917 E-M Chief Engineer Charles 
Truman Hibbard conceived a basic idea for automat- 
ically starting synchronous motors. He used the declin- 
ing “slip frequency” of the current induced in the 
motor field winding during starting as a signal that 
the critical pull-in speed had been reached. 

In 1920 Hibbard applied for a patent. And in 1927 
Patent No. 1,640,322 was granted “‘to provide a meth- 
od and means for starting synchronous motors from 
the actuation of a push button”. 

The bottleneck in the widespread use of synchro- 
nous motors was broken. Although invented at E-M 
forty years ago, the Hibbard system is still today wide- 
ly acknowledged to be the simplest and most reliable 
method of starting synchronous motors. 


Write E-M for Booklet No. 39. It will help you select 
the most effective controls for your motors. 


Aug. 23, 1927. 1,640,322 


Cc. T HIBBARD 
METHOD AND MEANS FOR STARTING SYNCHRONOUS MOTORS 


Filed Jan. 17. 1920 


OR 
ATTORNEY 


BASIC PATENT GRANTED IN 1927 


This is the drawing of the original Polarized Field Frequency system 
for automatic starting of synchronous motors. It was submitted to 
the U. S. Patent Office in 1920. 


MORE E-M CONTRIBUTIONS TO MOTOR CONTROL PROGRESS 


@ Inventors of Part-Winding Starting for a-c motors. 


@ Developers of the first control system for continuous operation of synchronous 


motors through voltage dips. 


@ Pioneers of the “Incher’’ method of spotting synchronous motor-driven machinery. 


@ Originators of the safety gang disconnect high-voltage fuse control. 


EM > ELECTRIC MACHINERY MFG. COMPANY 
MINNEAPOLIS 13, MINNESOTA 


3100-TPA-2195 
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IN ENGLNEERING TOMORROW'S CONTROLS TODAY 


cut cable installation costs 
the modern way... 


with Loxarmor — the modern 
armored cable whose strength and 
flexibility make it a cost-saving 
alternative to conduit-enclosed 
cable. Rubber-insulated Loxarmor 
with its interlocking S-shaped 
armor is ideal for either power or 
control circuits. 


Lower installation costs — Loxarmor 
eliminates conduit and related in- 
stallation costs such as making 
bends and using pull boxes... 
especially economical to use in 
cramped quarters. 


Easier to add or re-route circuits — 
Usually trained in trays or racks, 


Loxarmor cables are easily re-routed 
and are 100% salvageable. New 
cables are quickly added to existing 
trays. 


Use indoors or outdoors — Loxarmor 
can be used in wet or dry locations. 
Indoors or outdoors, Loxarmor 
cables are readily accessible for easy 
inspection and maintenance. 


Less space required — Multiple 
Loxarmor circuits require only a 
little more than half the space need- 
ed for equivalent conduit circuits. 


Loxarmor can be supplied over any 
standard Okonite insulation—rub- 


ber, varnished cambric or plastic— 
depending upon your installation 
conditions and voltage require- 
ments. It is available with galva- 
nized or stainless steel, aluminum 
or bronze armor. Either copper or 
aluminum conductors are of course 
available. 


For dimensional data on Okonex 
rubber insulation applied by the 
strip-insulating process write for 
Bulletin PW 1090. Complete 
splicing and terminating drawings 
and instructions for Loxarmor are 
also included. The Okonite Com- 
pany, Passaic, N. J. 
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Maintenance-Free 


Machine-Site D- 


with Westinghouse D-C 
power supply conversion units 


Nothing moves but the fan. Costly, time-consum- 
ing maintenance is eliminated. This is the economical 
way to have reliable d-c power exactly where it’s 
needed—with more efficiency than any other type. 


These self-contained d-c conversion units are avail- 
able in ratings from % to 2 kw single-phase input and 
in 1 to 100 kw three-phase input—ratings to meet 
your power requirements. 


The heart of these Westinghouse units is the long- 
lifed Rectox® selenium stack. Rectox shows less 
than 5% increase in forward drop after more than 
16,000 hours of continuous life testing. 

Westinghouse also furnishes a complete line of 
silicon units. For further information, call your 
Westinghouse sales engineer. Or, write Westinghouse 
Electric Corporation, 3 Gateway Center, P. O. Box 
868, Pittsburgh 30, Pennsylvania. J-22037 


you CAN BE SURE...iIF is Westinghouse 
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General Electric offers 8% lower prices, faster 


delivery in 24 new ratings of RM“ reactors 


8% PRICE REDUCTION and two to three weeks shorter 
shipment, possible for years with G.E.’s Repetitive 
Manufacture (RM) reactors, are now available in 24 
new ratings up to 2000 amperes in both the 4160- and 
14,400-volt classes. This means major savings in your 
most-required protective ratings. 


RM REACTORS HELP PROTECT COSTLY EQUIPMENT and 
reduce system expansion costs by helping limit short- 
circuit currents to the capacity of other components. 
For this reason, G.E.’s reactor ratings are designed to 
coincide with the standard short-circuit ratings of 
switchgear, regulators, and other system equipment. 


OPPORTUNITIES FOR SAVINGS exist throughout your 
system. Feeder protection, bus sectionalizing, bus 
synchronizing, and neutral grounding are only a few of 
the applications where G.E.’s complete line of reactors 
can help reduce equipment investment. Full details are 
available from your G-E Sales Engineer or from Section 
422-38, General Electric Co., Schenectady '5, N. Y. 


*Repetitive Manufacture 


COMPLETE RM* REACTOR LINE 


(Unshaded areas indicate new ratings) 


4160 VOLTS 


200 300 400 600 
AMPERES 


14400 VOLTS 


400 600 1200 
AMPERES 


Progress ls Our Most Important Product 


GENERAL ELECTRIC 


75TH ANNIVERSARY * POWER * SEPTEMBER 1957 


Ss - | =F 
4 
.40 | x 
x x x xX 
3 .10 x x x xX x 
-063 x x x 
.04 x x 
1200 2000 
2.5 x 
1.6 x x 
1.0 x 
| X x x 
= .63 Be x x x 
5 .50 | X x x xX eS 
: .40 x x x x 
4 .25 x x x 
-16 x x 
.10 x 
| 
B+ 208 


WAGNER ELECTRIC MOTORS...THE CHOICE OF LEADERS IN INDUSTRY 


Reduce Down Time =Power your Equipment 
with Dependable Wagner Motors 


Sixty-six years of experience goes into the building of Wagner Motors. Their reputation 
for reliability, their electrical characteristics, price and prompt delivery make them 
a sound choice for your equipment. 


Whatever your motor requirements may be—single-phase or polyphase... % or 500 
horsepower— Wagner can offer a standard motor that is entirely dependable in its 
specific application. A few of the many motors in the Wagner line are shown below. 


DRIP-PROOF 


TYPE DP—Squirrel-cage Induc- 
tion, corrosion resistant cast iron 
frames. 1 through 125 horse- 
power. 


TYPE RK — Capacitor-start Induction. 
For general purpose applications. 
Single-phase. Rigid or resilient mount- 
ing. 48 frame: % or Y% hp. 56 frame: 
Ys through % hp. Also available in inte- TOTALLY ENCLOSED 


gral ratings through 5 hp. FAN-COOLED 
4 


TYPES EP 
AND JP 
Standard and 
explosion- 
proof. Squirrel- 
cage Induction, 
TYPE RA — Repulsion-start Induction. corrosion re- 
For general purpose applications. D sistant cast iron 
Single-phase. High starting torque— “ ribbed frames, 
low starting current. Y% through % hp. -” is 1 through 30 
Also available in integral ratings hp—smooth 


through 15 hp. . OPEN TYPE POLYPHASE SQUIRREL CAGE 


hp. TYPE RP—Drip-proof. Suitable for all general 
purpose applications. Available in ratings 150 
through 500 hp. 


OTHER WAGNER MOTORS 


TYPE RB — Split-phase Induction. For 
easy starting applications. Single- 
phase, resilient mounting. 48 frame: 


Yo, Ve or Ys hp. furnishes Increment Type Motor and Starter Combinations... 


In addition to a complete line of standard motors, Wagner also 


Wound Rotor Polyphase Motors...Jet Pump Motors... Vertical 
and Flange Mounted Motors ...Hermetic Motors... Gear Motors 
and Direct-Current Motors. Consult the nearest of our 32 branch 
offices, or mail coupon today for full information on the complete 


Wagner line. 


TYPE RP — Polyphase Squirrel-cage 
Induction. General purpose, normal 
torque. 56 frame: 4 through % hp. 


Wagner Electric @rporation 


6415 Plymouth Ave., St. Louis 14, Mo. 


% 


Please send Bulletin MU-185 on your complete line of Motors. 


M57-10A 
ADDRESS___ 


CITY & STATE 


| 
| 
| POSITION 
| 
| 
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Atomic power in Caesar’s day? 


Certainly! 


It was there, in the ground, in the air and water. It 
always had been. There are no more “raw materials” 
today than there were when Rome ruled the world. 

The only thing new is knowledge... knowledge of how 
to get at and rearrange raw materials. Every invention 
of modern times was “available” to Rameses, Caesar, 
Charlemagne. 

In this sense, then, we have available today in existing 
raw materials the inventions that can make our lives 
longer, happier, and inconceivably easier. We need only 
knowledge to bring them into reality. 

Could there possibly be a better argument for the 
strengthening of our sources of knowledge—our colleges 
and universities? Can we possibly deny that the welfare, 
progress—indeed the very fate—of our nation depends 
on the quality of knowledge generated and transmitted 
by these institutions of higher learning? 

It is almost unbelievable that a society such as ours, 
which has profited so vastly from an accelerated accumu- 
lation of knowledge, should allow anything to threaten 
the wellsprings of our learning. 


Yet this is the case 


The crisis that confronts our colleges today threatens 
to weaken seriously their ability to produce the kind of 
graduates who can assimilate and carry forward our 
rich heritage of learning. 

The crisis is composed of several elements: a salary 
scale that is driving away from teaching the kind of 
mind most qualified to teach; overcrowded classrooms; 
and a mounting pressure for enrollment that will dowble 
by 1967. 

In a very real sense our personal and national progress 
depends on our colleges. They must have our aid. 

Help the colleges or universities of your choice. Help 
them plan for stronger faculties and expansion. The 
returns will be greater than you think. 


If you want to know what the college 
crisis means to you, write for a free book- 
let to: HIGHER EDUCATION, Box 36, 
Times Square Station, New York 36, 
New York. 


KEEP iT BRIGHT 


Sponsored as a public service, in cooperation with the Council for Financial Aid to Education 
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Built-Together, 
Work-Together Units 


— that fit the modern standards 
of power house performance 


Only Allis-Chalmers designs, builds, tests and applies all 
major station auxiliaries. This assures the utmost in integrated 
engineering and undivided responsibility... meets today’s 
conditions of high load factor and continuous availability. 


ALLIS-CHALMERS 


A-5121 
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ALLIS-CHALMERS 


Motors and Pumps— 


Boiler feed pumps combine fully- 
proven designs into one modern Allis-Chalmers 
construction to handle today's higher pressures. 
Advanced engineering permits greater access for 
inspection plus radial expansion of inner casing. 


These 11-stage units are in service in a south- 
ern utility. They have a rating of 525,000 Ibs/hr 
at a discharge pressure of 1820 psig, 350 F. j 


vill 


Power house motors built by Allis-Chalmers are known 
for their cool performance. With air-to-water heat exchangers, uniform, 
m low operating temperatures are maintained. They're quiet too, minimiz- 
ing noise levels in the motor room. 

The 3000-hp, 3585-rpm motors here drive boiler feed pumps in a 
large eastern utility. 


— 


Circulating centrifugal 


PUMPS, installed in an east-central 
utility, follow the trend to vertical construc- 
tion. Rated 70,000 gpm at 26-ft head, 
they combine the space saving of vertical 
design with the accessibility for observa- 
tion and maintenance of horizontal pumps. 


Ten, 


For Uninterrupted 
Auxiliary Power 


This Allis-Chalmers 4.76-kv switchgear is installed in a 
southeastern utility. In addition to normal loading, both 
steam and electricity are supplied around the clock to 
nearby refineries by this station — continuity of 
service is vital! 


In addition to dependability, this switchgear 
offers other advantages in installation and 
operation. On this job—as in many others 

— Allis-Chalmers engineers worked in 
close cooperation with both consult- 

ing engineers and utility engineers. 


Balanced Design 
Assures Economy a 
and Reliability 


Each installation of station service transform- 
ers has its special requirements. Mass-produced 
transformers are not adequate for this application. 
Recognizing the special requirements and the need for 
advance planning, Allis-Chalmers can be relied upon to fur- 
nish engineering data and approval drawings promptly. 


The unit shown is installed in a West Coast utility. It is rated 
10,000 kva, 13,800 delta to 4160 delta. 


For more information on Allis-Chalmers equip- 
ment for power stations, contact your nearby A-C 
District Office, or write Allis-Chalmers, Power 
Equipment Division, Milwaukee 1, Wisconsin. 
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7 be for cooling tower application... 
Sic protection against humi 


if 


The ultimate in protection against high humidity ed baking keep humidity out . . . give the long 
— major cause of cooling tower motor failure — electrical life you need. 

is provided tower builders and users in Allis- 3. Weather-protected bearings — Rotat- 
Chalmers TEFC motors. Here’s why: ing seal, turning in close running clearances, 


1. Moisture drainage — Drain plug can be guards against entry of water. 


removed to eliminate condensed moisture in the Find out more about the “MORE” in Allis- 
mater age helpful in eco oper- —_ Chalmers motors by contacting your nearby A-C 
ations where more sales office or distributor, or write Allis-Chalmers, 


2. Extra-insulated stator — Several appli- ~~ General Products Division, Milwaukee 1, Wis. =. 
cations of special insulating varnish plus repeat- at 


Sy ede 


ag 


Outdoor Installation on jacket water-cool- 
ing units is ideal for Allis-Chalmers motors. 
Cast-iron frame and conduit box aren’t affected 
by weather. 


ALLIS-CHALMERS 
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Here’s Why... 


Insulated 
Greater Reliabilit 


For an extra measure of reliability 
plus greater overload capacity — 
specify dry-type transformers insu- 
lated with Dow Corning Silicones. 


They’re so completely safe you can TRANSFORMERS, 


locate them almost anywhere. Easier 
and less expensive to install than 
liquid-filled types, they offer virtual 
freedom from maintenance, superior 
resistance to high ambients, moisture 
and corrosive atmospheres. 


For Underground Distribution, sealed 
dry-type network transformers with 
the higher thermal capacity of sili- 
cone insulation can handle temporary 
overloads up to 25% above rating. 
There’s no oil to maintain, so you can 


NETWORK 


bury them 
and forget 
them 


“bury them and forget them.” 


For Station Auxiliary Power specify 
silicone insulated sealed dry-type 
transformers for lowest installation 
costs, greatest reliability and easiest 
maintenance . . . or the open dry- 
type for the lightest floor loading. 
Both hold down installation costs, : 
require no vaults, barriers or venti- —_ 
lators. There’s never any danger of 
fire, explosion, or toxic fumes and 
there are no liquids to maintain. 


Send today for a list of equipment 
manufacturers supplying more reli- 
able equipment insulated with Dow 
Corning Silicones. For network and 
station auxiliary transformers: 


SPECIFY DOW CORNING SILICONES 


AUXILIARY 
and Open Dry-Type 


Dow Corning 


CORPORATION 
MIDLAND. MICHIGAN 


Atlanta * Boston * Chicago * Cleveland + Dallas 
Detroit * Los Angeles * New York * Washington, D. C. 


15% Lighter 


STATION 


Units are 


STATION 
AUXILIARY 


Sealed Dry-Type 
Units for Minimum 
Maintenance 
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SIBLE 


PROVIDE NOW FOR INCREASING LOAD DENSITY WITH A 
MODERN GENERAL ELECTRIC POWER DISTRIBUTION SYSTEM 


To satisfy fast-growing loads of new 
or existing plants, power systems must 
have built-in expansibility. G-E bus- 
ways, for example, are designed for 
adding circuits easily to meet shifts 
in load concentration. Other expan- 
sible G-E system components are 
available to serve your power needs. 
Contact your nearest G-E Apparatus 
Sales Office or send coupon for expert 
help in system planning. 


EXPANSIBLE interlocked armor cable is easy 
to relocate to meet load shifts. Flexi- 
bility, — weight cut installation time. 


EXPANSIBLE features of quiet Type M 
transformer—ratings to 150 kva, all-posi- 
tion mounting near load—allow wide use. 


To help make your plant’s power distri- 

bution system 

@ EXPANSIBLE @SAFE e RELIABLE 
@ FLEXIBLE ECONOMICAL 


Write to General Electric Co., Sect. B680-9, 
Schenectady 5, N.Y. for: 


Power Distribution Library 


ClInformation on color movie “Goodbye 
Steve”, the industrial power story. : 


NAME 


COMPANY 


ADDRESS 


| 


‘ALTERNATIVE TO DISASTER... 
fire-resistant oils 


Celanese* Cellulubes* are synthetic oils—straight 
chemical compounds developed by Celanese to mini- 
mize the constant threat of fire and explosions inher- 
ent in many industrial operations. 


As power transfer fluids in diecasting and other 
critical hydraulic operations, fire-resistant Cellulubes 
reduce the ever-present danger of uncontrollable fires 
due to line breaks or other failures. As cylinder lubri- 
cants in air compressor systems, these non-petroleum 
oils prevent the formation of excessive carbon de- 
posits. Result: danger of fires and explosions is mini- 
mized and maintenance costs reduced. 


Can a Cellulube solve a safety problem in one of 
your plants? We will be glad to send you complete 
use data. 


Cellulube fire-resistant functional fluids are the 
result of research working toward a single objective: 
how to give industry more productive chemical ma- 
terials. If you're looking for the extra values that can 
make your operation safer, your production more 
efficient, or your product more competitive, we think 
you'll find the Celanese research approach rewarding. 
Celanese Corporation of America, Chemical Division, 
Dept. 597-L. 180 Madison Avenue, New York 16, N. Y. 
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and tomorrow « V 
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Tomorrow’s equipment for 


HANDLING 


Pumps—growing backbone of tomorrow’s liquid-handling 
systems—aim at still higher efficiency, lower maintenance 


Pipe and valve manufacturers are “running out of hole” 
because of climbing pressures and temperatures 


Handling air and gas, consumed at greater rates by indus- 
try, will eall for more and bigger compressors and fans 


Water4reatment equipment will produce more top-quality 
water, be completely automated, use improved chemicals 


Waste treatment, stressing new processes, techniques that 
permit high degree of recovery and reuse, is in the cards 
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Shaft rpm, discharge p 


12,000 to 
15,000 


1955 1953 1957 1970 1955 i957 1970 


Shoft rpm Discharge pressure, psi Pressure rise per stage, psi 


Pumps rank second only to electric motors as the 
Pumps most widely used industrial machines. Anything 
that flows is pumped—from highly volatile ether 
to thick sludges. Tomorrow’s pumps will also handle 
more molten metals, liquids at 1000 F and higher. 
Chart, above, summarizes three trends in boiler- 
feed pumps. Note how shaft rpm, discharge pres- 
sure and pressure rise per stage are all on the 
upswing. These factors will influence the diameter 
and length of centrifugal pumps. Raising rpm or 
pressure rise per stage both help to reduce pump 
diameter and length. So chances are good that 
‘ : a future boiler-feed pumps will be smaller. 
wide beady of peer Look — Standardization of centrifugal-pump parts will 
spread through industry in the next few years. 
Starting with refinery-type pumps, standardization 
is now moving to centrifugal type chemical pumps. 
One builder can already supply 70,480 different 
combinations of a single pump—all built from 
standard, stocked parts. Spare-parts inventory is 
reduced by 50%, repairs are faster and cheaper. 
Simplicity in design and construction will be im- 
portant considerations in all new pumps. Mainte- 
nance is a costly item and every effort possible will 
be made to make pump overhaul a simpler and 
faster job. 
Greater reliability in pump performance will 
lead to use of a single pump where two were for- 
merly standard. Even today we find power plants 


Growing industrial-pumping 


systems trigger demand for 


for new, improved designs 
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Pump drives 

Steam turbines are once again in favor for boiler-feed 
pump drive. And it looks like they'll stay that way be- 
cause feed-pump speeds are rising and the turbine does 
make an ideal prime mover. Even more dramatic is the 
use of main turbine-generator drive for feed pumps. 
Pump is connected to the generator by a fluid drive. Both 
types will see increased use in tomorrow’s plants. 


Mechanical seals 

More mechanical seals will be used on centrifugal pumps. 
They cut pump operating cost by reducing packing main- 
tenance. Working pressures and temperatures for these 
seals are steadily climbing. We will find them on simple 
cold-water pumps, on big high-pressure feed pumps and 
on nuclear-energy pumps. Look for these developments 
—take advantage of them. 


Shaft packing 

While mechanical-seal use is increasing at a rapid pace, 
packing will not be neglected. Glass yarns, silicones and 
inconel wire are a few of the new packing materials 
showing promise. Standardization of packing will be 
actively pushed and some experts expect early approval. 


Packingless pumps 

These pumps have neither packing nor mechanical seals. 
Instead, cold condensate is injected into labyrinth break- 
downs on the pump shaft. Some of the condensate enters 
the pump; the rest goes to the condenser after entering 
a collection chamber. Reason for its use is that ordinary 
stuffing boxes cannot be used for speeds much above 
3600 rpm—and higher speeds are becoming popular 


Leakproof services 

Long before nuclear-energy plants developed a need for 
leakproof pumps, industry wanted such units. But it took 
nuclear energy to hasten development and recognition 
of leakproof designs. Today, smal] canned-motor pumps 
are available for a variety of industrial services. And the 
experts believe that industry will use more and more of 
them. Big advantage is attractively low maintenance. 


Impellers and casings 

Much design thinking is going into the new pumps for 
tomorrow’s market. So we find that pumps for super- 
pressure steam plants now give the required pressure in 
a single unit, instead of two in series. Improvements 
will permit other savings, including reduced power input. 


with only one feed pump per boiler. But some de- 
signers are not quite convinced that this is safe, 
so they install a half-capacity pump for standby, 
part-load and emergency service. But it looks like 
this practice may soon disappear. 

Submersible vertical pumps for condenser cir- 
culating water and a variety of other services will 
still be extremely popular with engineers. There 
does seem to be a trend away from wet-pit pumps 
to dry-pit types. Reason: Maintenance of a dry-pit 
pump is easier because it need not be withdrawn 
from the pit. This is another good example of the 
trend to simplified maintenance. 

Greater attention will be given to pump intakes. 
On larger installations actual intake models will be 
built for testing. Job flow conditions can be ac- 
curately predicted from these tests. Once the flow 
conditions are known, it will be far easier to choose 
the correct pump for the job. Look for an increase 
in the use of models for testing. 

Water supply—one of the biggest users of pumps 
—will see use of more deepwell turbine pumps and 
submersible units. As wells go deeper, pump effi- 
ciency will become more important. So newer deep- 
well pumps and submersible units will be built to 
higher standards and closer tolerances. This means 
that their maintenance will require greater skill 
than ever before. So you'll find more maintenance 
jobs for these units farmed out to specialists. 
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Process pumps make up a big segment of today’s 
pump population. And you'll find greater numbers 
being used tomorrow. Most process pumps will 
feature simplicity, interchangeable parts, easy main- 
tenance and long life. New ideas in centrifugal 
process-pump design are being studied constantly 
by every pump builder today. 

Pumps for nuclear-energy services are still un- 
dergoing their shakedown exercises. But from the 
looks of things the canned-motor pump is here to 
stay for both hot and safe services in nuclear 
plants. Leakage, which can run to over $5000 per 
lb of heavy water, is both costly and, in some in- 
stances, dangerous. Canned-motor pumps will give 
leakproof service at reasonable cost. 

Electromagnetic pumps will continue to find use 
in liquid-metal services in both nuclear plants and 
industrial plants. Much study will be devoted to 
increasing the efficiency of these units. 

Other pumps that show promise for nuclear serv- 
ices include both gas-filled and oil-filled types. But 
more operating experience is needed, 

Pump drives are being reviewed critically for 
the first time in years and the results will be very 
profitable. With larger pumps operating without 
spares, the drive becomes more important; so do 
possible power savings. Look for many new drive 
developments in the next ten years. Box, above, 
covers the significant trends in this area. 
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Future uses 
for reciprocating pumps 


Use Type pump 
Fuel-oil handling Direct-acting steam 
Desuperheater feed Power 
Chemical feed Plunger 
Boiler feed Power 
Slurries, liquors Diaphragm 
Homogenizer (milk) Triplex pulsator 
Lube-oil feed Plunger 
Industrial hydraulics Axial-piston 
Variable-speed drives Axial-piston 
Hydraulic testing Plunger 
Vacuum systems Liquid-piston 

Future uses 
for rotary pumps 

Use Type pump 
Tars, molasses External-gear 


Fuel oil, gasoline —_ External- or internal-gear 


Peanut butter, mustard Single-screw 
Jams, baby foods, custards Crescent-rotor 
Cooling water 
Hydraulic elevators External-gear 
Industrial hydraulics Vane 


Fire protection 


External-gear 


External-gear 
Lube-oil supply Three-screw 
Machine-ool cooling Lobe 


Paint spray, liquefied gas External-gear 


Advances in reciprocating _ 
and rotary pump efficiency 


are spurred by greater use 


Reciprocating pumps 


Tomorrow’s reciprocating pumps will include (1) 
more new metering and proportioning pumps than 
other types (2) higher discharge pressures and (3) 
better and more accurate control of pump delivery. 
These trends will continue, with but one exception 
—big. high-pressure power pumps may see more 
development and use in industrial processes, 

Metering and proportioning pumps will be used 
for a variety of jobs throughout industry. They 
are becoming more important as a key part of 
control systems. In this role they control the flow 
or pressure of a variable in the system. 

Higher discharge pressures are needed for many 
new processes to which reciprocating pumps will be 
applied. High-pressure pumps must be built to 
exacting tolerances. Look for more high-pressure 
units because process pressures are climbing. 

Reciprocating-pump controls will become more 
accurate as engineers develop new devices to regu- 
late delivery. And there will be no letup in the 
rate at which new control schemes are found. 


Rotary pumps 


These might be called the silent type because they 
serve in thousands of jobs without many people 
being aware of them. And all indications point to 
more use of rotary, sliding-vane, swinging-vane 
and similar types of pumps. 

Look for improved designs in rotary pumps— 
particularly those with nonmetallic materials in the 
rotating and stationary parts. There is a big drive 
on today to find newer and better materials for 
pump parts. Lower wear rates, longer life and less 
maintenance are the aims of most pump designers. 
And these objectives will become more important 
as rotary pumps find greater use. 

Screw pumps with nonmetallic rotors and lined 
casings are making big inroads in the food indus- 
try where they handle almost everything from apple- 
sauce to tomatoes. More and more of these units 
will be applied throughout industry on moderate- 
flow moderate-head jobs. 

As in the past, one big market for rotary pumps 
will be as parts of original equipment. 
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Hydraulic Institute: material selection and designation 


Corresponding national society 


Institute standards designation 
selection no. ASTM ACI Alsi Remarks : 
1 A 48, Grades 20, Gray iron — six grades : 
30, 35, 40, & 50 
2 B143,1B& Tin bronze — six grades (in- 
B 144, 3A cludes two grades covered in detail 
B 145, 4A } in Standards of Hydraulic Institute) 
3 A216, WCB 1030 Carbon steel 4 
4 A217,C5 Saks 501 5% Chromium steel 
5 A 296, CAI5 CAI5 410 13% Chromium steel 
6 A 296, CB30 CB30 ‘gis 20% Chromium steel 
7 A 296, CC50 Ccc50 446 28% Chromium steel 
8. A 296, CF8 CF8 304 18-8 Austenitic steel 
9 A 296, CF8M. CF8M 316 18-8 Molybdenum austenitic steel 
Cn-7MCu A series of highly-alloyed 
steels normally used where the 
corrosive conditions are severe ; 
i NOTE: ASTM — American Society for Testing Materials AC! — Alloy Casting Institute AIS! — American Iron and Steel Institute 


Materials for pumping 


Pump materials 
various liquids 


Engineers will continue to give greater attention 
to pump materials. Reason for this is the growing 


complexity of pumping problems and the many Liquid Condition serie 
new liquids being handled by pumps. Acid,acetic Conc cold = 8, 9, 10, 11, 12 
Tables, above and right, summarize the broad 
experience of pump builders and users with various 
| materials and liquids. Materials listed may be Acphelt Hot C5 
used with all classes of pumps, so far as corrosion- Soa tele ne 
resistance characteristics are concerned. But in a, 10,19; 19, 
some pumps, design considerations impose different 
physical requirements, Brine, NaCl >3%, cold A, 8,9, 10,11, 
Materials listed are those used in the important Calcium err 
parts of the pump—casing, impeller, cylinders, etc. 9 heen 
Trim items like sleeves, glands, rings, valves, etc, persian saab 
may differ to meet some mechanical need. But the — Hot 8c 
material selected should be suitable for the envi- —_ — . 
ronment of the pump. a8 
Table, right, lists a number of materials for each 
liquid. Order in which these are listed does not Oil, fuel aC 
indicate relative superiority—factors change from Oil, lube 8c 
one job to another. 
Symbols used in table, right, are A all-bronze 10, 
pump, B bronze-fitted pump, C all-iron pump. Sugor Aqueoussol A,8,9,10,11,13 
Glass, neoprene coatings, rubber and porcelain 
are some of the nonmetallic materials finding use —- e 
in pumps today. More nonmetallic materials like pH<8.5 8 
these will be applied in the coming years. ony pH 4,5,8,14 
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RPM 


Tooar | /5Orpm low 


| 750 rpm high 


200 rpm low 


HP 


TODAY 6000 hp 


PISTON SPEED 


TODAY 900 fpm 
900 fpm 


/000 rpm high 


Reciprocating compressors 


Work horses of today’s air systems, reciprocating 
units, will continue to carry a big chunk of our 
future air loads. But there will be some changes, 
as the summary at the left shows. 

Rotative speeds will rise about 30%, reducing 
space needs, motor and foundation costs. But 
piston speed will stay about the same as today. 

Turbine-driven reciprocating compressors will 
be more common. Most large units are syn- 
chronous-motor driven. But the turbine drive— 


12,000 hp yielding oil-free steam—will take on more jobs. 


Nonlubricated compressors will find greater 
use. They supply air on jobs whete even minute 
quantities of oil are undesirable. 

Compressors with up to ten cylinders that 
handle as many as five different gases on a sin- 
gle shaft will gain wider acceptance. 


Compressed-air use climbs as 


industry expands; compres- 


sor designs meet the need 


American industry is consuming compressed air 
and a variety of gases at an unprecedented pace. 
And the trend shows no signs of a letup. We will 
use even more air and gas as the years go by. This 
means more and bigger compressors, pipelines and 
associated equipment. 


Compressors 
The swing is to bigger units in some plants. Reason 
for this is the greater economy of the large com- 
pressor—be it reciprocating or rotating type. And 
as operating and maintenance costs are an im- 
portant factor, you can expect the big compressor 
to make more appearances in industrial plants 
throughout the U.S. 

The smaller packaged compressor will find more 
use, too, as air loads climb. It is possible that we 
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Handling air and gas 


will someday see packaged centrifugal compres- 
sors, handling air flows as low as 5000 cfm. 

Surging, long a problem in centrifugal design, 
will be so well controlled that it will disappear as 
a major factor in compressor application. 


Drives 
While electric motors are today’s most popular 
drive for reciprocating and centrifugal compressors, 
steam turbines are gaining favor because of their 
excellent operating characteristics. In gas pipelines, 
gas turbines rate high. Other drives include diesel, 
gas and steam engines. 


Oil-free air 
Instruments, certain processes and other applica- 
tions need oil-free air. Nonlubricated units are 
popular and will find greater use in the future. Main 
job of designers today is to make the oil-free com- 
pressor more efficient and lower in cost. Some 
builders feel that the synthetically lubricated com- 
pressor is the answer to the oil-free air problem. 
Others believe that the rotary (sliding-vane) type 
compressor is the answer. 


Controls 
More controls will be used because they reduce 
operating costs. This is true of all types of recipro- 
cating and rotating compressors—large or small. 
Engineers feel they can get more service at higher 
eficiencies from automatically controlled machines. 
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Centrifugal compressors 


Reciprocating compréssors are getting bigger, 
but centrifugals are getting bigger and smaller. 
In the future, centrifugals will be used for 
smaller capacities than today, as the summary 
at the left shows. 

Rough division band between centrifugal and 


] 12,000 rpm 


_ | 69.000 rpm 


CFM 


15000 cfm 
TOOL. 


175,000 


UNIT CHOICE AT !25 psi 


/0,000 cfm or less,reciprocating 


TODAY 


++——— More than /0,000 cfm, centrifugal 


5000 cfm or less, reciprocating 


+———— More than 5000 cfm, centrifugal 


reciprocating, today, is 10,000 cfm at 125 psi. 
Future break will be at 5000 cfm and 125 psi. 

For industrial air supplies, the centrifugal 
yields oil-free air, requires less space, needs 
less maintenance and has a lower operating cost. 
Users will become accustomed to higher rotative 
speeds. Today’s high of 12,000 rpm is expected 
to reach about 60,000 rpm in 20 years. These 
high speeds shrink casing size. Both steam and 
gas turbines will power these units. Compressors 
will be easier to maintain. 


Draft - fan efficiencies 


Airfoil blades 92% 


Fan pressures upped as boiler 


Backword-curved blades 88% 


Radia/-tip blades 80% 


Draft-fan blade tip speeds 


capacities increase; tip speed 


and efficiency are on the rise 


Airfoil blades 
33,000 fam 
Radial-tip blades 22,000 fpm 


Droft-fan total pressures 


Forced draft 70 in. 


Cyclone firing 60in. 
Overfire air 35in 4,0 


Modern industrial equipment puts a greater load 
on fans and blowers. Pressures are, therefore, high- 
er and air quantities are bigger. 

Steam boilers, as the chart above shows, now 
need pressures in the range of 35 to 70 in. of water. 
Airfoil-blade fans using high tip speeds are now 
highly popular. 

But the backward-radial and forward-curved type 
blades will also hold an important share of the 
market. New designs are constantly being studied 
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and efficiencies are certain to show improvement. 

Multistage forced-draft fans for pressures as 
high as 70 in. of water are used today—particularly 
on cyclone furnace applications. When pressurized 
furnaces are used, some power-plant designers now 
omit the induced-draft fan. 

Noise and tip speed pose hurdles as pressures 
go up. Many fan builders today are working on 
these problems and we should soon see new methods 
of achieving high tip speeds at low noise levels. 


RPM as 
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Materials 


ASTM 
Type class Commonname _ Alloying elements 


Allowable stresses, psi 


Practical 


950F 


1000F 1050F 1100F 1150F 


Temperature 
1200F Range 


Pl Carbon 


molybdenum 


%2% Mo 


Chrome 
molybdenum 


1% Cr, ¥2% Mo 


Chrome 1 3/10% Cr, %2% Mo 


molybdenum 
Ferritic P 22 Chrome 2 3/10% Cr, 1% Mo 
molybdenum 
P 21 Chrome 3% Cr, 1% Mo 
molybdenum 
— Chrome 1% Cr, 1% Mo, 0.2% V 


molybdenum 


5,500 


7,500 5,000 2,800 1,550 


7800 5,500 4000 2,500 


7,800 5800 4,200 3,000 


7,000 5,500 4,000 2,700 


10,000 8500 6,000 


— Up to 850F— 
graphitization 
occurs above 


— 825 to 950F 


— 825 to 1000F 


2,000 950 to 1050F 


1,500 to 1000F 


to 1050F 


TP 347 Stainless 18% Cr, 12% Ni, Cb 
TP 316 Stainless 16% Cr, 2% Mo, 13% Ni 


Austenitic 


13,850 
15,100 


7,600 


14,000 12,200 10,400 8,500 


5,000 above 1050F 
6,800 above 1100F 


Power-plant efficiency is improved by higher oper- 
ating temperatures and pressures. But designers 
are forced to wrestle with many new problems 
of material selection and behavior. Peak tempera- 
ture is 1050 F in most plants built during the 
past eight years. Materials in table, above, are good 
choices for this service. Higher temperatures and 
pressures call for still stronger alloys. Even steels 
with the highest ASME boiler code ratings produce 
very heavy piping wall thickness. So experts are 
considering the list of super-strength alloys, right, 
compiled by prominent metallurgist, H S Blumberg, 
ASME paper 56-A-157. 

Most of these alloys are of recent vintage. None 
are approved as yet by the ASME code and their 
cost is high. But look at the allowable stresses. 
Although these can’t be used for design, they do 
give a good idea of future potential. Stresses are 
based on code criteria using whatever limited data 
is now available. Much more long-term testing and 
operating experience is needed for better evaluation. 
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*Not yet ASME Code approved 


Probable allowable 

Class Name stress @ 1200F 
19-9 DL 6,200 
Modified 15-15 N 11,400 
Cr-Ni-Fe 17-14 Cu Mo 12,000 
16-25-6 9,600 
Discaloy 29 13,200 
N-155 9,900 
: $-590 14,100 
| 14,000 

alloys 

Refractoloy 26 22,200 
G-18-B 10,500 
Nickel-base alloy} Inconel X 22,800 
Cobalt-base Haynes 25 18,000 
alloys Haynes 31 12,000 
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1000 
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fomorrow’s higher temp ratures callfor super-alloys 


Piping, valves 


and fittings 


Mounting pressure and tem- 
perature create serious de- 


sign problems for engineers 


Pipe and valve manufacturers are “running out of 
hole” because of climbing pressure and tempera- 
ture. Development of new materials for this service 
has been necessarily slow. Existing alloys will need 
extremely heavy wall thickness in tomorrow’s mod- 
ern high-pressure power plants. So piping and 
valves will have smaller diameters with higher flow 
rates. And two or more steam lines will take the 
place of large single lines. 

There is a definite trend to the use of more feed- 
water valves and fewer steam valves. Some new 
plants have 24 water valves compared to only one 
steam valve. Other installations will eliminate 
steam valves entirely. 

Marked emphasis will be placed on the design 
of valve flow passages. Flow characteristics must 
be improved to compensate for tomorrow’s rising 
steam and water velocities. 

Designers of high-pressure valves will have to 
use higher allowable stresses and reduced factor of 
safety to keep wall thickness down. In most cases, 
allowable deformation will be the controlling de- 
sign limitation. 

Upper limit appears to have been reached with 
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Superheater 
outlet header 


Admission 
uolve chest, 
/ 


ARRANGEMENT of high-pressure main steam leads from 
superheater outlet header to stop valves and turbine 


the pressure-sealed bonnet valve. Full-welded con- 
struction will find more high-pressure use. 

There is a difference of opinion on the practice 
of sizing valves by their outside diameter. Major- 
ity of valve experts prefer to base size on the inside 
diameter. This measurement gives you the total 
space taken up by the fluid and is the basis for 
pressure-drop calculations. Difference in these two 
dimensions is particularly evident on high-pressure 
valves where the metal thickness is great. 

Present use of outside diameter for valves al- 
ready standardized will not be changed. Although 
there is a good chance that higher-pressure valves 
will be sized by their inside diameter. 

Actual calculation of allowable thickness of pip- 
ing and valves at elevated temperature and pressure 
is another big problem. Some experts feel that 
existing codes are completely inadequate. Code 
formulas can give allowable stresses less than valve 
working pressure. Applicable codes will be revised 
as very high pressure-temperature operation be- 
comes more common. 

Valve development in general is far ahead of 
the materials that are now available for use. Newer 
alloys, with greater ductility and allowable stress, 
are needed. Chart, bottom of facing page, outlines 
some promising super-strength materials. Much 
work is ahead before any of these can be widely 
used, but pressure of need will accelerate further 
development of improved materials. 

Great strides will be made in nondestructive 
testing methods. Present techniques include radio- 
graphy, fluorescent and dye-penetrating fluids, mag- 
netic-particle inspection and ultrasonics. 

Equipment will be available to view completed 
welds directly, without producing a record. Rec- 
ords will be made only when a flaw is uncovered. 
So inspection will be faster and more efficient. 


| = aA 
| Ave 
Turbine 
| 
| 
1 @ | 
| 
Stop valve 
2 


Some experts feel that operating mechanisms for large 
high-pressure valves pose a thorny problem. Higher 
pressure means higher thrust on the valve stem. If 
the valve is hand operated, a lot of mechanical advan- 
tage is needed. This “gearing down” increases closure 
time as much as half an hour. Aside from the time 
delay, operating men are reluctant to put that much 
time and hard work into closing a valve. 
Electric-motor-driven valve operators are available. 
But some designers are concerned about cost—par- 
ticularly cost of wiring and control. They say this can 
run several times the price of the valve alone. As a 
result, an attempt has been made to use fewer valves. 
Valves are often omitted in such cases where an oper- 
ator would find them convenient for isolating equip- 
ment during shutdown. So designers are taking a close 


Austenitic steels take on 


more high-temperature jobs. 


Plastics continue to improve 


Although super-alloys may come into the picture 
later, austenitic steel will bear the first brunt of 
very-high pressure service. And progress in weld- 
ing procedures, electrode compositions and post- 
weld treatments will further improve reliability of 
the austenitic weldments. 

For best results with austenitic piping material, 
designers will (1) avoid notches or sharp changes 
in section, particularly at welded joints (2) make 
sure the piping system moves as designed to avoid 
high bending stresses (3) give proper post-weld 
treatment to all welded joints. 


Valve standards 

Few plants in the near future will operate much 
beyond 2400 psi at 1050 F. But there will be 
enough applications above this range to justify de- 
velopment of another valve standard over the 2500 
psi class. 

Consensus draws the next standard pressure line 
at 4500 psi. Rapid progress will be made toward 
this new valve standard although there is a differ- 
ence of opinion about the upper temperature limit. 
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look at several other lower-cost valve-operating methods. 

Portable air motors are a possible solution to the 
problem. Here, the plant operator takes the unit to 
any valve and connects it to an air source. Air motor 
quickly runs stem down close to the point of seating. 
The plant operator can then shut it tight with a few 
manual turns. 

Another possible choice will be an electro-hydraulic 
mechanism mounted on each valve. This self-contained 
“power pack” will use an electric motor, hydraulic 
pump and a hydraulic motor to produce rotation. A 
hydraulic accumulator stores enough energy over a 
period of time for valve operation. This unique fea- 
ture means that the electric motor can be very small. 
The hydraulic accumulator also provides for emer- 
gency valve operation in case of power failure. 


It may be as high as 1100 F. Others fee! strongly 
that it should be lower to avoid the necessity of 
using austenitic steel. 


Plastics 

Plastic pipe, valves and fittings will take on more 
small size, low-pressure and low-temperature jobs. 
Top corrosion resistance at relatively low cost 
makes it a good choice for many hard-to-handle 
fluids. But structural stability must be improved 
and maximum operating temperature raised to fur- 
ther increase its range of application. Fiberglass 
types and irradiated plastics may be able to with- 
stand higher temperatures and pressures. For 
larger sizes, and where strength is important, plas- 
tic-lined metal valves will still be popular. Plastic 
protects from corrosion and metal gives needed 


strength. 


Steam traps 

Standards for rating and testing traps will soon be 
a reality. Most experts feel that the outlook for 
this is very promising. 

Industry will find it profitable to use more 
steam traps of all kinds. Trap lines are being 
broadened to cover both large and small jobs. 
Trend will be to fast-acting trap designs. 

Selection will be more dependent on the exact 
nature of the service. Discharge capacity will not 
be the only factor. Engineers will also stress (1) 
the need for air removal (2) timing of the discharge 
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Millions of doftors- 
a 


1960 1963 
Demand for nuclear plant valves and fittings 


Most significant fact about insula- 
tion is that existing materials will 
serve future needs. Even if steam- 
power-plant temperatures increase 
to 1200 F these materials can handle 
the job, see chart, right. Diatoma- 
ceous silica type is actually good to 
1900 F, leaving a comfortable mar- 
gin for further increases. Refractory 
materials can handle even higher 
temperatures. Today’s insulation 
will also meet the demands of nu- 
clear-power plants. Development of 
insulating materials is keeping well 
ahead of industrial requirements. 


Future 


(3) the need for fast or slow discharge rates and 
(4) any other special conditions that may affect 
the job performance of the steam trap. 


Expansion joints 

Designers will be extremely conscious of cyclic life 
and stresses on expansion joints, such as the corru- 
gated type. This will lead to more precise designs 
and better specifications. 

Large expansion joints for steam-turbine cross- 
overs represent one growing future market. These 
are applied at intermediate pressure between the 
turbine cylinder sections. 

Materials used will include stainless, inconel-X, 
monel, nickel and cupro-nickel. Joints in work- 
hardening alloys must operate in the materials’ 
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steam temperature 


85 % magnesia 


Calcium silicate 


Expanded silico 


Diatomaceous silico 


Industry continues its vexing wrestle with the rigid 
quality requirements of valves and fittings for nu- 
clear-power service. Much of the expense built into 
these valves is a reflection of caution and lack of 
operating experience with the various nuclear systems. 

As experience is gained, more practical standards 
will emerge. Piping and valve components will use 
less critical materials. Future designs will lend them- 
selves more readily to economical production methods. 
Forecasts of nuclear-plant demand for valves and fit- 
tings show a sharp increase with the total amounting 
to $90 million by 1963. But in 1956, the capacity of 
the whole U.S, valve industry exceeded $1.25 billion. 
This rather sizable industry shouldn’t have much 
trouble meeting these expanded nuclear demands. 


INSULATING MATERIALS 


Temperature 


plastic range. With precipitation-hardening alloys, 
design stresses must be in the elastic range. High 
temperatures will call for more use of this type. 


Nuclear service 

Nuclear-plant valves tend to run large and be made 
of high-alloy materials. Hermetically sealed valve 
designs, first used for nuclear naval vessels, will be 
available. But the trend will be to the use of con- 
trolled or contained leakage design. 

In general, there will be some relaxation of rigid 
requirements for piping and valves. Initial push 
for successful operation of a nuclear plant is over. 
New emphasis will be placed on ways and means 
to reduce costs. So pipe, valve and fitting specifi- 
cations may well be less strict in the future. 
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Water treatment 


Water’s growing importance 
sparks demand for equip- 
ment that tailors water analy- 


sis to fit industrial needs 


Tomorrow's water problems will be viewed on an 
overall plant basis and not tackled piecemeal. Treat- 
ment will be taken up in the early stages of plant 
design and not handled as an afterthought. Water 
conservation will be more important in the selec- 
tion of water-treatment systems. 

An even wider variety of equipment, from small 
chemical-feed units to complex demineralizing sys- 
tems, will adjust each water analysis to the need. 

Rapid advances in technology will make it profit- 
able for many industries to update older water- 
treatment installations. This may mean additions 
to existing facilities or, in some cases, installation 
of a completely new system. 


Demineralizing 

lon exchange has occupied the treatment spotlight 
in recent years and will continue to do so. Box, 
right, summarizes some of the more popular equip- 
ment arrangements. Trend is to multibed systems 
to get the lowest operating cost that can be justified 
economically. One example is the large multibed 
system at the Linden, N. J., station of Public Serv- 
ice Electric and Gas Co. Coagulation and filtration 
equipment is followed by a 5-step system that 
includes mixed-bed polishing. 

Mixed- or mono-bed vs multibed controversy still 
rages. Both types will see increased use. But each 
application will be made on a more selective basis. 
Mixed bed will see service as a polishing or scaveng- 
ing unit in multibed systems and on condensate. 
When ultra-high-quality water isn’t needed, multi- 
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Future calls for high-quality water 


1000 1500 
Boiler pressure, psi 


500 2000 


HIGHER PRESSURES demand lower total dissolved solids in 
boiler water, pointing up importance of topnotch treatment 


bed will be favored. Mixed bed will take on a 
bigger role in those industries where top-quality 
water and minimum investment override considera- 
tion of higher operating costs. 


lon-exchange resins 

Anion resin fouling is a big problem. Many rem- 
edies have been proposed and tried. It is generally 
agreed that where fouled-resin replacement is a 
factor, good pretreatment does increase service life. 
This usually means coagulation, filtration and ac- 
tivated-carbon treatment. In addition, the anion 
resin is given periodic brine treatment as part of 
regular operation. The ultimate solution awaits 
development of a new resin not susceptible to or- 
ganic fouling. 

One new cation-exchange resin on the horizon 
selectively exchanges cations of weak acids for 
hydrogen ions. In other words, it removes the tem- 
porary hardness and destroys an equivalent amount 
of bicarbonate alkalinity. Capacity is high, with 
almost 100% regeneration efficiency. 


Continuous ion exchange 

Present demineralizing equipment is of the fixed- 
bed type. In continuous equipment, a portion of the 
ion-exchanger bed is-constantly removed, regen- 
erated and returned to the main bed. Zeolite 
softeners of this type are already in operation. 
High regeneration efficiency and elimination of re- 
generation downtime will accelerate further devel- 
opments in continuous ion-exchange equipment. 


75TH ANNIVERSARY 


POWER * SEPTEMBER 1957 


| | 


14.0 


re) 
° 


@ 


For 0.02 ppm Si0g maximum in steam 


Silica in boiler water, ppm 
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BOILER-WATER SILICA must be reduced with increased pres- 
sure to minimize amount of volatilized silica in the steam 


Tomorrow’s need for high-quality 
water can be met by variations of 


these basic ion-exchange systems 


Water for once-through boilers Wy 
Total dissolved solids 50 to 500 ppb 
Silica (SiO») 20 ppb 
lron (Fe) 10 ppb 
Copper (Cu) 10 ppb 
Oxygen (O.) 5 to 7 ppb 
pH 9.0 to 9.6 


ONCE-THROUGH BOILERS need highest quality feedwater 
available today. Analysis is specified in parts per billion 


Look for more demineralizing units in high-pressure 
industrial, fully condensing central and byproduet 
steam power plants. Nuclear-power applications will 
increase. Process industry use will be even heavier 


/ntluent 
Effluent Effluent 
Hydrogen Weakly basic Degosifier Strongly basic Hydrogen Degosifier Anion Hydrogen Strongly basic 
exchanger anion exchanger anion exchanger exchanger exchanger exchanger anion exchanger 


4-step system has low operating cost. Degasifier 
can be left out when alkalinity is low. Use last step 
only if silica is a problem. Then omit weakly basic 
unit on waters that are low in chlorides and sulfates 


5-step system produces water with 1 ppm TDS and 
0.02 ppm soluble silica. Last two steps are often used oe, 
for high-rate polishing. Countercurrent regeneration = 
or an alternating-series operation offer advantages 


influent /nfluent 
j Effluent 
Mixed bed or mono-bed ae Hydrogen 
exchanger 


Mixed- or mono-bed gives highest quality water. 
Conductivity averages 0.15 micromhos. Soluble sil- 
ica is less than 0.02 ppm. Many processes, nuclear 
reactors and once-through boilers need this quality 
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Effluent 

Degasifier Weokly basic Strongly basic Mixed bed 
anion anion or mono-bed 
exchanger exchanger pe 


Mixed-bed pretreatment lowers chemical cost. 
Steps No. 1, 2 and 5 are used alone when alkalinity 
is high. Add step No. 3 if chlorides and sulfates are 
high. Step No. 4 then leaves polishing to mixed bed 
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‘Two methods compete for tomorrow’s 


medium-pressure boiler makeup 


Raw HOT-LIME ZEOLITE 
woter 
To service 
Hot-process Filters Hot-zeolite 
softener softener 


Hot-lime zeolite produces water with 0 to 2 
ppm hardness, 20 to 30 ppm alkalinity and 0.5 
to 1.0 ppm silica. Moderate blowoff keeps boiler- 
water silica in 5 to 25 ppm range. Boilers and 
turbines are protected from carryover, scale and 
silica deposits 


Characteristics. Hot-lime zeolite handles turbid 
raw waters; its resin is stable and replacement 
costs are reasonable. Operating cost and initial 
investment are low compared to other methods. 
Lime and salt are easy to handle 


Future trends. Higher steel and labor costs 
will increase the installed price of this equip- 
ment more than alternate treatment methods, 
such as demineralizing and dealkalizing 


Raw water 


_service 


TWO-STEP DEMINERALIZING 


Demineralizing produces top-quality makeup 
for high-pressure boilers. Medium-pressure 
boiler dividing line for water treatment falls 
between 750 and 1250 psi; but some medium- 
pressure boilers are using demineralizers 


Characteristics. Treated water has about 3 
ppm total dissolved solids and 0.1 ppm silica. 
Can be made fully automatic. Boiler blowdown 
is low, but installed equipment and chemical 
costs are higher than other methods. Pretreat- 
ment is needed to remove turbidity. Anion 
resins have a short life on some waters 


Future trends. Next ten years will see more 
durable resins with higher capacity and efh- 
ciency. Demineralizing will then be better able 
to compete in the medium-pressure range 
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Recorder Sodium 


| Fitter 


Anion 


Recorder Turbidity, 
total 
cations 


Trends to automation, higher 
quality water, better chemi- 


cals and continuous operation 


permeate tomorrow’s practice 


Look for increased application of automatic con- 
trols on all types of water-treatment apparatus. 
Box, top, facing page, discusses automatic chemical 
analyzers. When practical instruments like these 
are available, automation will really take hold. lon 
exchangers will take the lead in this trend since 
they are best suited for automatic operation. 

Newly developed valveless filters are a unique 
example of automation using basic hydraulic prin- 
ciples. They do the job automatically without the 
usual electronic or pneumatic controls. 


Dealkalizers and softeners 
Salt-regenerated anion dealkalizers have fallen 
short of original expectations. Their use is limited 
to waters where there’s a definite cost or operating 
advantage. But they do have a place as one of 
several alternate methods that should be considered 
for each dealkalizing job. 

Styrene-base cation resin has exceeded all indus- 
try hopes. It is practically the universal softening 
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Steam /ine 


Silica Recorder 


Makeup water line 


Recorder Silica Total Recorder 


material; few softeners today use anything else. 
Trend to replacing older zeolites with this high- 
capacity more efficient type will continue. 


Chemical treatment 

Almost every plant needs some form of chemical 

treatment. In tomorrow’s picture look for: 

e Reduced consumption of _ internal - treatment 
chemicals, because of increase in external-treat- 
ment equipment in many plants 

e Increased use of chemical consulting services 

e Increased hydrazine use for oxygen scavenging 

in high-pressure boilers. Sodium sulfite will 

continue handling low-pressure field 

Marked improvement in analytical methods, tests 

Increased filming amine use to combat corrosion 

Application of the new polyelectrolyte coagulant 

aids for hard-to-clarify water supplies 


Cooling-water treatment 

Slime, algae and corrosion are today’s big prob- 
lems. Scale is pretty much under control. Slime 
can only be removed by expensive mechanical clean- 
ing. But algaecides and slimecides, properly ap- 
plied, can keep biological fouling at a minimum. 

Combination of phosphates and chromates re- 
duce corrosion rate to less than three mills a year, 
almost zero from a practical standpoint. 

Cooling-tower wood decay is caused by both 
chemical and fungi attack. In the tower mist sec- 
tion it takes place in the wood interior. In the fill 
section ii takes place on the surface. 

Chemical attack is retarded if cooling-water 
sodium carbonate is kept to a minimum. Algaecide 
and fungicide sprays help protect mist sections of 
the tower. But the problem isn’t solved by water 
treatment only, see heat-exchange section of this 
report for discussion of wood pressure treatment. 

Production of potable water from the ocean and 
brackish sources will assume greater importance. 
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Tomorrow’s automatic chemical analyzers - 
and recorders are spotted in power plant, 
left. Makeup turbidity, sodium, silica and 
dissolved solids are analyzed continuously. 
Condensate is monitored for silica and 
dissolved solids. Finally, sodium in the 
steam is measured. Analyzers will sense 
off-normal values and automatically start 
corrective measures. One instrument now 
available for silica and hardness has an 
accuracy of 0.01 to 0.05 ppm. Although 
price and operating cost are still high, 
many experts feel needed improvements 
Condenser and new analyzer designs will be devel- 

oped within the next five to ten years. 


Conventional water treatment alone can’t do the 
job economically. Electric membranes are one pos- 
sibility. Keep in mind that the water from these 
plants is not suited for most industrial purposes. 
Unfortunately, it needs the usual treatment required 
by any other supply with high dissolved solids. 

Evaporators also hold much future promise, see 
heat-exchange section. However, all these methods 
in current use are still saddled with high costs, 
Electric membrane equipment is producing 
potable water today with less than 500 ppm total 
dissolved solids. This is the maximum recom- 
mended by U.S. Public Health Standards and is 
below taste perception. Economics now limit its 
use to brackish waters (about 3000 ppm). Although 
ion-exchange membranes are giving excellent serv- 
ice, improvements are needed on the mechanical 
equipment from an operating standpoint. Look for 
their increased application in the water-short areas 
of the world having brackish supplies. 


Operating record of electric membrane plants 
Total dissolved 


Water _—_—Hours solids, ppm Flow Kwhr per 
Plants source operated in out gph 1000 gal 
1 Ocean 5300 32,000 300 7 100 
2 Well 6900 2400 1000 100 20 
3 Well 3000 2000 500 200 15 
4 — 4500 1700 400 1200 12 
5 Well 740 4000 400 1000 20 
6 Well 540 2000 700 1700 10 
7 Well 5000 3150 400 1260 16 ’ 
9 Ocean 32,000 500 


the key to complete automation of industrial water-treatment systems at 
Recorder 
f 
solids 1 Sodium Turbi 
Lin Boiler 
Condensate-return line 
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Floating 
Skimming 


Solids to disposal 
or to use 


{ Liquid return 


Tools for treating 


Solids producing 


future plant wastes 


Liguid return Streom 


> 


Waste - disposal problems 
have three main solutions: 
(1) discharge without treat- 
ment (2) discharge after 


or to 


Solids to disposal _ | treatment to prevent pollu- 


use ‘ tion (3) treat so effluent or 


Stream 


Chemical 
Chemical 
precipitation 


Liguid return 


= 


solids can be reused. Dia- 
gram, left, simplifies waste 
types and treatment. 
Methods for industrial 


wastes used singly or joint- 


3 Liquid return 


Waste treatment aims for 


new processes and operating 


techniques that permit high 


degree of recovery and reuse 


Industrial waste-treatment field is expanding rap- 
idly. Equipment and processes, long used in munic- 
ipal treatment, will be adapted and improved to 
meet specific industry problems. New processes 
including ion exchange, the liquid cyclone and 
centrifugation will see increased use. 

Old rule-of-thumb approach will be replaced by 
scientific analysis and sound engineering design. 
As a result, look for more new equipment and im- 
proved operating efficiency. Most progress will be 
made in biological and sedimentation processes. 


logical and (3) chemical. 


Eff i 
lon exchange + ly are (1) physical (2) bio- 


Trickling 


activated 


filter or 
sludge 


Equipment will be developed for small-plant use, 
giving results now obtained only in large plants. 
Activated sludge plant capacity will increase to 
20 times the present rate, mainly because of new 
aeration devices. Activated sludge will become a 
high-intensity process, operating at or above atmos- 
pheric pressure. Operating concentrations will ap- 
proach those used in the fermentation industry. 
Aerobic fermentation of some wastes to produce 
a marketable sludge is a future possibility. 
Development in new plastic media may lead to 
radical changes in biological trickling filters. 
Chemical treatment will become more economical 
with use of chemical-recovery methods. Volume of 
sludge will be reduced as result. But sludge han- 
dling, disposal will remain a major problem. No 
cheap method is available today. Easiest solution 
is land disposal or storage. Wet combustion of or- 
ganic sludge looks good and offers some return in 
form of heat energy. We'll see more advantage 
taken of sludge heating values in the future. 
Automation of waste-treatment plants continues 
at a rapidly increasing pace. Changeover from 
batch to continuous processing methods will further 
accelerate this trend. 
Waste treatment for treatment’s sake is not the 
ultimate solution. Treatment that permits a high 
degree of recovery and reuse is tomorrow’s goal. 
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.. . Serving Industry 


through Practical Applied Science 
in Water and Process Technology 


NATIONAL ALUMINATE CORPORATION _ 
6216 West 66th Place * Chicago 38, Illinois 


why your 
best steam trap buy 
Yarway Impulse 


THERE’S A YARWAY IMPULSE STEAM TRAP FOR 
EACH OF THESE REQUIREMENTS 


As shown opposite, no matter what your need—normal 
loads, high capacity, low capacity, high pressure, low 
pressure— Yarway has an impulse trap to meet it. 

GETS EQUIPMENT HOT FAST—KEEPS IT HOT 

Yarway pioneered the application to steam traps of the 
principle of thermodynamics that makes possible quick 
heat-up, and high, steady temperatures. Result —peak 
efficiency from equipment. 

ONLY ONE MOVING PART 

_A little valve is the only moving part. Nothing could be 
simpler. 

LOW MAINTENANCE 

Design and material make Yarway Impulse Traps practi- 
cally trouble-free. A handful of spare parts will service a 
plant-full of traps. 

SMALL SIZE... LIGHT WEIGHT 

Fit in anywhere. Require no supports or special piping. 

GOOD FOR ALL PRESSURES 


No change of valve or seat for any pressure up to speci- 
fied maximum. 


NON-FREEZING 


Great for outdoor installations. Won’t freeze up, because 
condensate can’t accumulate—there’s nothing to freeze. 


Low cosT 


It often costs less to install a new Yarway Impulse Trap 
than to repair a conventional-type trap. 


CONVENIENT SUPPLY 


Over 270 Industrial Distributors stock and sell Yarway 
Impulse Steam Traps. One is near you. 


NATION-WIDE SERVICE 


34 trained Yarway field engineers, located in every corner 
of the country, give you quick, helpful steam trap service. 


Want the free booklet ‘“‘Banish Your Steam Trap Troubles’”’ 
... or the Yarway Trap catalog? Write 


YARNALL-WARING COMPANY 
100 Mermaid Avenue, Philadelphia 18, Pa. 
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Trap showing” 
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NORMAL 
REQUIREMENTS 


Use Yarway Series 60 
traps. All pressures to 
400 psi and tempera- 
tures to 450°F. Six 
sizes 4%” to 2”, 


way to Apecify Atcam tape 
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HIGHER 
PRESSURES AND 
TEMPERATURES 


Use Yarway Series 
120 traps for pres- 
sures to 600 psi and 
temperatures to 750° 
F. Six sizes %" to 2”. 
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LIGHT LOADS 


Use Yarway No. 20-A 
trap where conden- 
sate loads are especi- 
ally light. (Available 
only in 2" size.) 


CHOOSE THE RIGHT IMPULSE STEAM TRAP FOR YOUR JOB 


HEAVY LOADS 


Use Yarway Series 40 
traps where conden- 
sate loads are especi- 
ally heavy. Five sizes, 
to 22". 


INTEGRAL 
STRAINER 


For high pressure 
power plant trapping, 
also marine use, spec- 
ify Yarway Integral 
Strainer Traps. Weld- 
ing or flanged connec- 
tions. 


B* 237 28 


085—Cc cial introduction of the open or direct contact feedwater heater. 

1900——Commercial applicaticn of heat as an aid in water softening, 

9907-—Development of Cochrane Muiliport Valve for over pressure relief 
and control, 

9910—Vertical sedimentation tank with conical uptake funnel and conical 
bottom to improve efficiency of sedimentation. 

¥912—Use of metering feedwater heaters. 

1912—Use of lime in hot process treatments, 

1916—Cochrone differential pressure type themical - for accu- 
rate ond dependgble continvovs feeding of chemicals in direct 
proportion to raw weter flow. 

3920—Use of vacuum breakers on hot process soft dimentation tanks. 

1921—Development af reboller decerating heater to improve 
degosificsttion of boiler feedwater.” 


process soffeners. 


” tank with recovery of hot backwash water, 
192122 Development of cross-flow tray type denerstor. 
192:}—Use of jet heaters with hot process woter soffeners. 
of supplementary ph 

orating surfaces in high pressore boilers. 

—1929--Commercial application of peraiiel downflow decerator. 

1929-—Development of otomizing deoerator. 

Introduction of primary 
softeners, 

1933-~Deceration by atomization in hot tofteners. 


1921—Development of the ose of Shoring: ‘Materials for 1949—Hot process two-stage soft 


3950—Hot zeolite softeners backwWashed with filtered water with backwash 


of filters with hot softened woter from sedimentotion 


11954—Flow Pp 


Power.magazine in serving industry for three quarters of a century has also per- 
formed a service to Cochrane as an advertising medium for more than sixty years. 

Paralleling Power’s growth and development, Cochrane has pioneered in 
the design and manufacture of water conditioning equipment. Established in 
1863, Cochrane Corporation has continuously concentrated on anticipating the 
demands of industry for high quality process and feedwater. 


COCHRANE MILESTONES IN THE HISTORY OF WATER CONDITIONING 


1934-—Jet-tray type decerator with direct contact vent concentrating 
prehecter, 


1935—Decerating hot process softeners developed for large capacities. 
1938—Electrically operated chemical proportioners. 

1939-—Use of recirculated sludge in hot process softeners. 
1939—Application of hot process softeners for silica reduction. 


1940~-Use of phosphoric acid in hot process softener as primary softening 
reagent. 


1943-—Commerciai application of cold water deaerators. 
1947—Development of Cochrane Hydromatic single control valve. 
1947 —Development of direc? contact vent condenser for deceratars. 
1948--Gas concentrating direct contact jet heater for hot process softeners. 
1948—C ial application of demi lization for silica removal 

,, lime treatment followed by zeolite. 


return to filter inlet header to prevent ove: 
tank during zeolite backwash operation. 


950—C. cial application of deaikalizing salt-splifting process by ion 


of sedimentation 


1952—Automatic hot zeolite softeners. 


1953 — introduction of rubber-lined Hydromatic single control valve for use 
with somearetiners and acid regenerated ion exchangers. 

ting, single compartment backwash arrangement for 
hot process softeners. 
1954~—Introduction of salt-splitting ion exchange process for silica removal. 


Cochrane Solids Contact Reactor, 72! 
diameter for oil flooding operation. 


100,000 gph Cochrane Sludge 
Blonket Het Process Softener 
et steel company, 


» ~ ioneers in te 
‘ 
salutes POWER ...pioneers 

loading 
exchange. 

pr _1951—Anti-flash rinse control for hot zeolite systems. | 

| 


conditioning 


in the power magazine field 


ane Ponel Board for controlling 
avtomotic water conditioning system. 


Cochrane Hydramatic Single Control Valve 
cutometitelly Controls this Cochrane De- 
minecalizer in @ lares oil refinery. 


50,000 gpm Cochrane Hol Lie” 


| Zeolite System fot « refinery. 
Cochrane Automatic Zeolite Sof- 
tener. Capacity 230,000 Ibs. /hr, 
Water Conditioning 


Demineralizers * Hot Process Softeners * Hot Lime Zeolite Softeners + Zeolite Softeners « Solids Contact Reactors 
Dealkalizers + Pressure and Gravity. Filters * Hydromatic Single Control Valves for lon Exchange Equipment 


Deaeration 
Tray Type Deaerators + Atomizing Deaerators + Jet-Tray Deaerators » Cold Water Deaerutors + Surface Type 
Decerating Hot Water Heaters 


Steam Specialties 
Continuous Blowoff Systems + Steam Purifiers + ‘on Separators + Multiport Relief Valves « Multiport Drainers « Dis- 
chargers + Receiver Separators « Exhaust Heads + C-8 Condensate Return Systems 


Cochrane Water Conditioning Lid., Toronto 4, Meatreal 
<€ rea Winnipeg 1, in 30 principal cities in 
: : Paris, France; La Spezia, italy; Mexico City, Mexico; Heveng, Cuba; 
Caracos, Venezuela; Son Juan, Puerto Rico; Santiago, Chile; 

R A Hawaii; Manila, Philippine tslands. 
3106.N. 17TH STREET, PHILADELPHIA 32, PENNA. Pottstown Metal Prods. Div.—Custom built carbon steel and alloy 
NEW YORK ¢ PHILADELPHIA « CHICAGO products. 


Sarco saves heat 


STEAM TRAPS 


CONSERVING AND CONTROLLING heat in steam and 
hot water systems is the economically significant 
task Sarco products have been performing through- 
out the world for half a century. Whether the appli- 
cation is power, processing, or space heating, 
economy-minded engineers everywhere have learned 
to rely on Sarco application-engineered products to 
maintain the efficiency of all systems or processes 
utilizing wet heat. 


TEN MANUFACTURING PLANTS strategically located 
throughout the world insure on-the-spot availability 
of all your steam trapping and temperature control 
requirements. Sarco products are produced in inde- 
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Thermostatic 


REGOLATORI PER FABBRICATI 
REGULATEURS POUR BATIMENTS 


pendently owned plants in the United States, Canada, 
Great Britain, France, Germany, Italy, Sweden, 
Argentina, Spain and Mexico. 


WORLD-WIDE REPRESENTATION provides sales and field 
engineering service in 55 countries. Field offices are 
maintained in 190 cities, to provide personal service 
in the application of Sarco products to steam and 
hot water equipment everywhere. 


Next time a steam trapping or temperature control 
problem arises, call on your local Sarco representative. 
You'll be calling on a half century of Sarco special- 
ized, localized experience to provide the solution. 
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|  ADileter AFlotteur Fermé. 
Innstillbare Termostatiske 
TEMPERATURE CONTROLS 
REGOLATORI DI TEMPERATURA ELIMINATORI D’ARIA 
TORER —ONTLUCHTERS 


I n lan uagve: Sarco Company, inc. Sarcotherm Controls, Inc. 
y New York, New York New York, New York 


“Half a century of Sarco Manufacturing Co. Sarco International Corp. 


P e Bethlehem, Pa. N York, New York 
conserving and controlling heat” 
Sarco Canada, Ltd. Spirax-Sarco Ltd. 

Toronto, Canada Cheltenham, England 


S. A. Sarco Sarco G.m.b.H. 
Paris, France Konstanz, Germany 
S.A.F.1.C. Especialidades Itndustriales, S.A. 
Buenos Aires, Argentina Monterrey, Mexico 


Jucker, S.p.A. Ing. Fliesberg Akt. 
Milan, Italy Stockholm, Sweden 


J. Mas Nieto 
Barcelona, Spain 
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round 
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clock 
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Class Y four-stage compressor for air and non-con- oe 
: H-CE horizontal “four-corner” motor-driven four-stage gas COMpE densable gases. Ideal where floor space is limited. 


Class FE motor-driven, threé-stage horizontal 
balanced-opposed carbon dioxide compressor. 


© For Pressures to 15,000 PSIG 
© Sizes to 5000 H. P. 
© Motor, Steam or Belt Drive 


AIR AND GAS COMPRESSORS «* VACUUM PUMPS «+ PNEUMATIC TOOLS «+ ELECTRIC TOOLS + DIESEL ENGINES + ROCK DRILLS + HYDRAULIC TOOLS 
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B in any field is never casually 
byPVed. In the case of Fisher it rep- 
Psents more than three quarters of a 
century of continuing research and 
cumulative know-how. 


If it goes through pipe 


anywhere in the world — 


Today, wherever gases, steam and 
liquids are to be controlled, engineers 
in the nation’s outstanding plants in 
the oil, gas, power, chemistry, paper 
and other processing industries... 
think first of Fisher for the maximal 
solution. 


CHANCES ARE IT'S 
CONTROLLED BY 


Engineers with special problems... find the answer in... ER 


FISHER GOVERNOR COMPANY 


Marshalitown, lowa/ Woodstock, Ontario 


Since 1880 
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INFILCO 
DEMINERALIZATION 
EQUIPMENT... 


ENGINEERED fo meet 
A YOUR requirements for 


HIGH PRESSURE 
BOILER FEED 


e Maximum reliability 
e Highest quality water 


Check some of these installations. They are 
representative of INFILCO’s advanced engineering 
and development in providing water suitable 

for today’s (and tomorrow’s!) high pressure steam 
generators in the utility field. 


Alabama Power Company, Gorgas Station... Gorgas, Ala. 
California Electric Company, Highgrove Plant... Highgrove, Calif. 
Commonwealth Edison Company, Crawford Station... Chicago, Ill. 
Commonwealth Edison Company, Wil! County Station... Joliet, Ill. 
Commonwealth Edison Company, Station No. 6...Waukegan, Ill. 


Chicago District Electric Generating Corp., 
State Line Station... Hammond, Ind. 


Interstate Power Company, Dubuque Station... Dubuque, lowa 
Municipal Gas & Electric Department, Holyoke Plant ... Holyoke, Mass. 
Omaha Public Power District, North Omaha Station . . . Omaha, Neb. 
Central Power & Light Co., Lon C. Hill Station... Corpus Christi, Texas 
Central Power & Light Co., Victoria Station... Victoria, Texas 
Wisconsin Power & Light Co., Rock River Station ...N. Beloit, Wis. 
Wisconsin Power & Light Co., Edgewater Plant... Sheboygan, Wis. 


It will pay you to investigate. Write today for 
Bulletin 1960-C -PO.11, 


; Inquiries are invited on all water and waste treatment 
“Tiina problems for all industrial purposes, including boiler 
feed water makeup, process water clarification and 
purification, sewage treatment, waste pollution control, 
material reclamation and related needs. 


tans 


8740-11 


THE ONLY COMPANY impartially offering equipment for ALL types of water and waste processing, coagulation, 
precipitation, sedimentation, flotation, filtration, ion exchange and biological treatment. 
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POWER COMPANY PUBLIC SERVICE COMPANY ELECTRIC COMPANY POWER COMPANY 
: i 
CINCINNATI GAS) COLUMBUS & SOUTHERN COMMONWEALTH EDISON CONNECTICUT LIGHT 
ELEC 1C COMPANY OHIO ELECTRIC COMPANY COMPANY & POWER COMPANY 
| 
POWER CORPORATION ELECTRIC COMPANY LIGHTING COMPANY _ POWER COMPANY 
‘St. Petersburg, Florida Wichita, Kansas New York Gulfport, Mississippi 
\ 
PUBLIC SERVICE COMPAN) PUBLIC COMPANY PUBLIC SERVICE LIGHT 
OF NEW HAMPSHIRE OF NEW MEXICO OF OKLAHOMA  & POW | 
ER COMPANY 
Manchester, New e Albuquerque, New Mexico Tulsa, Oklahoma Nyack, New York 
SAN DIEGO GAS SOUTHERN CALIFORNIA TEXAS ELECTRIC 
ELECTRIC COMPANY EDISON COMPANY SERVICE COMPANY 
"San Diego, California Los Angeles 
LIGHT COMP LIGHT & POWER COMPANY COMPANY LIGHT COMPANY 
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Write For Bulletin 122 


PACIFIC PUMPS INC. 


HUNTINGTON PARK, CALIFORNIA 


Offices in all principal cities BF-27 


& LIGHT COMPANY ELECTRIC & GAS COMPANY PUBLIC SERVICE COMPANY & LIGHT COMPANY 
| SS ~ 
CONSUMERS POWER DALLAS POWER & DELAWARE POWER 
| COMPANY LIGHT COMPANY LIGHT COMPANY ELECTRIC COMPANY 
} 
| POWER CORPORATION EDISON COMPANY ELECTRIC COMPANY. ELECTRIC COMPANY 
| Git Johnstown, Pennsylvania 
| 
FIC. iler Ps 
| 
4 
*@ 
SSS, 
SESS — 
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4% YEARS--25,000 HOURS 


This is just one of many production records set 
by Fuller Rotary Compressors—in this case by 
each of six machines installed in a leading 
aircraft plant. The only maintenance or re- 
placement necessary over this period was 
installation of high and low pressure blades. 
Bearings held up 100%. 


Fuller rotary compressors shown are four C-300- 
300H, steam turbine drive, capacity each 1248 
to 1805 c.f.m., with speed ranges of 450 to 650 
r.p.m., 125-lb. gauge pressure, and two electric 


OPERATING PERFORMANCE! 


motor drive, capacity each 1663 c.f.m., at 600 
r.p.m., 110 lb. gauge pressure. 

Your plant, too, can take advantage of the many 
cost-saving advantages of Fuller rotary com- 
pressors; such as smooth airflow, lack of vibration 
minimum of moving parts, adaptability to any 
production setup, and the advantage of ‘“‘one 
man’’ operation. 

Write today to Fuller Company and get complete 
data on how Fuller rotary compressors can 
give you more air power at less cost. 


FULLER COMPANY 


= 


“« 126 Bridge St., Catasauqua, Pa. 
SUBSIDIARY OF GENERAL AMERICAN TRANSPORTATION CORPORATION 


Birmingham - Chicago » Kansas City » Los Angeles San Francisco » Seattle 


PIONEERS OF HIGH-EFFICIENCY VANE TYPE ROTARY COMPRESSORS SINCE 1930 
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FULLER 
COMPANY 
AGENERAL/ 


‘A great line of pumps 
all equipped with the 


B&G 


TROUBLE-PROOF 
SEAL ASSEMBLY 


Leak-Proof “Remite” Mechanical Seal 
This exclusive B & G feature eliminates the cust y leakage which 
occurs where a packing gland is used. A Carbon Seal Ring faces on 
a “Remite” floating seat—a new type of material, so hard it will 
scratch glass—wear-proof and corrosion-resistont. Metal parts are of 
steel, bronze or stainless steel, ding upon the type of service, 
The B & G Mechanical Seal is self- -lubricating. 


Take just a moment to examine the design features of 
B & G Centrifugal Pumps. You’ll find plenty of reasons 
why these pumps are giving trouble-proof performance 
through long years of service. 


Vertical split-case construction permits removal of the 
bearing bracket without disconnecting pipe lines or 
motor leads. Solid cast iron volutes—with support feet 
in the larger units—effectively prevent transmission of 
piping strains to the motor. 


The shafts of B & G Centrifugal Pumps are an out- 
standing feature. Made of special alloy steel, they are 


IMMEDIATE DELIVERY 
ON PUMPS IN FACTORY STOCK 


Available in commonly used sizes—capaci- 
ties to 325 GPM, heads to 140 ft. Send for 
catalog CSP-257A. 
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B & G Series 1510-B 
Capacities to 1100 GPM, 
heads to 420 ft. 


B & G Series 1531-B 
Capacities to 1500 GPM, 
heads to 420 ft. 


B & G Series 1522 
Capacities to 150 GPM 
heads to 115 ft. 


super-finished and oversized to keep deflection at a 
minimum. The ‘‘Remite’”’ Mechanical Seal— a B & G 
development—positively prevents leakage...and 
impellers are soundly designed to maintain hydraulic 
balance. An oil lubrication system, instead of grease 
cups, assures continuous protection to the long bronze 
bearings of these pumps. 


B & G Centrifugal Pumps are available as all-iron, 
bronze-fitted, all-bronze and stainless steel units and in 
capacities which adapt them to a wide range of industrial 
applications. 


BELL & GOsseETT 


c M P A N 


Dept. EY-36, Morton Grove, ae 
Canadian Licensee; §. A. Armstrong, Ltd., 1400 O' Connor Drive, W. Toronto 
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Eight 24” SMS-Rotovalves are used for pump check service at the Secondary Pumping Station of the U. S. Air Force’s Arnold 
Engineering Development Center in Tullahoma, Tenn.* Installed on 25,000 GPM pumping units, each hydraulically-operated Roto- 
valve has independent timing control for opening and closing, and a by-pass fast closure device for shut down in the event of power 


failure. Four more 24” Rotovalves perform similar service at the Primary Pumping Station. 


CLOSE CONTROL OF TIMING MAKES 
SMS -ROTOVALVES CHOICE AT TULLAHOMA 


When laying out the cooling water facilities at Tulla- 
homa, Robert and Company Associates of Atlanta, 
Consulting Engineers under contract with the Tulla- 
homa District, Corps of Engineers, U. S. Army, se- 
lected SMS-Rotovalves for pump check service. Close, 
positive control of valve opening and closing time that 
minimizes water hammer as pumps are cut in and out 
of the system made Rotovalves the first choice. Their 
rugged design and record for low maintenance cost 
were also important for this severe service. 


SMS-Rotovalves’ full-line opening offers no more re- 


S: MORGAN 
a 


sistance than straight pipe of the same diameter, means 
less head loss and lower pumping costs. Maximum ini- 
tial shut-off, with retarded area reduction at the clos- 
ing end of the stroke, controls water hammer. Opening 
and closing can be as fast as one second, or as slow as 
needed. Closure is drop tight, and monel-to-monel 
seats are self-purging. 


You can obtain full information on SMS-Rotovalves, 
Ball Valves or Butterfly Valves by contacting our near- 
est representative. Or, write to S. Morgan Smith Co., 
York, Penna. 

*Under construction by the Corps of Engineers, U. S. Army. 


HYDRODYNAMICS 


AFFILIATE: S. MORGAN SMITH, CANADA, LIMITED, TORONTO 


Rotovalves « Ball Valves * R-S Butterfly Valves « Free-Discharge Valves « Liquid Heaters « Hydraulic Turbines & Accessories 


Pumps 
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Hall Industrial Water Report 


VOLUME 5 
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NUMBER 5 


Waste Is Waste 


In some cases, waste water is truly just “waste” and must be disposed 
of in the least costly manner; in others, waste water may contain 
valuable materials, so that failure to recover these before discarding 
the water is “waste” in a different sense. 

Specialized knowledge and experience are necessary to search effec- 
tively for the economical changes which can be made in a plant to 
minimize loss of valuable materials, to confine pollution to the smallest 
volume of waste water, to decide what treating procedures should be 
used and what control should be exercised. Hall staff engineers and 
industry specialists have the training and experience required and are 


ready to tackle your problems. 


Who Muddied the Waters 


A mid-western tire plant wished to 
reduce or eliminate pollution of waste 
water. As a first step, a plant survey 
was made by Hall Staff Engineer 
E. G. Paulson. 

This survey narrowed the major 
source of waste water contamination 
to several plant operations. The next 
step involved gauging, sampling and 
analytical work on the plant effluent 
and on inplant waters. This estab- 
lished that the primary contaminant 
was suspended solids, presumably 
from a process where clay slurry was 
sprayed on an intermediate product. 
However, material balance calcula- 
tions disclosed a major discrepancy 
between estimated clay pollution 
and actual suspended solids concen- 
tration of the waste water. 

The third step was a resurvey to 
definitely identify the suspended 
solids as clay and to confirm the 
high concentration in the waste 
water. The outcome was that the 
suspended material was almost all 
clay, that clay was used in only one 
section of the plant and that the 
amount of clay getting into the plant 
effluent was greater than had been 
estimated. 

This case is a good example of 
how stepwise approach to a pollu- 
tion problem can pay dividends. 
Plant engineers and Hall personnel 
changed the process for applying 
the clay slurry and another survey 
showed that the pollution loading 
was reduced by more than 85 per- 
cent. The cost of making the changes 
will be recovered in 18 months by 
the saving in process material. 


Whittling Away at Waste 


More than ten years ago an eastern 
detinning plant contracted with Hall 
Laboratories for a long-range pro- 
gram to eliminate objectionable con- 
tamination of waste water in the 
most economical and satisfactory 
manner. 

Initial studies on the sanitary and 
process water systems were made to 
determine the pollution load. One of 
the first results was segregation of 
the sanitary sewage and its discharge 
to a municipal sewage system. 

The remaining waste water came 
from seven different locations in the 
plant. 

Continuing study showed three 
streams to be uncontaminated and 
one stream to be contaminated only 
periodically. Investigation was ex- 
tended to determine whether water 
could be recycled and whether the 
volume of polluted water could be 
decreased. 

After inplant changes were made 
to segregate uncontaminated water 
from polluted water, there remained 
three polluted streams, one flowing 
rinse and two batch dumps. Joint 
efforts of the plant’s research depart- 
ment and Hall Laboratories resulted 
in development of methods for treat- 
ing the contaminated waters. An 
economic study showed that with 
properly designed treating equip- 
ment almost $400 per day could be 
saved by recovery of valuable ma- 
terials. This was over and above the 
operating cost and depreciation on 
the new equipment. 

A more efficient reclamation proc- 
ess eliminated two of the three pol- 


| 


| 
| 


luted streams and left one very 
heavily contaminated batch dump. 
With only one polluted water stream 
requiring treatment and with the 
method of treatment already de- 
termined, the problem has been 
whittled down to a simple answer. 
This is an excellent example of what 
can be accomplished by cooperation 
between plant personnel and Hall 
engineers. 


From Shortage to Abundance 


An eastern electrical products 
manufacturer faced a serious water 
supply problem. Expanding opera- 
tions required more water. The two 
supply sources, plant wells and city 
water, were inadequate. The wells 
were already being pumped to the 
limit of their capacity and the city 
wanted to supply less water because 
of increased domestic requirements. 

Hall staff engineers were called in 
to survey the water situation. They 
found that city water consumption 
could be reduced 40 percent by re- 
use and modification of water use 
in manufacturing processes. They 
discovered also that because of the 
long time required to regain maxi- 
mum pumping capacity after shut- 
ting down, the plant operators were 
running the well pumps continuously, 
sending much water to waste during 
non-working shifts. 

Two recommendations were made. 
One involved the changes necessary 
to reduce city water consumption 
and the other was to install storage 
tanks to collect the well water being 
wasted. The estimated water saving 
was close to 500,000 gallons per day. 


Industrial Water Problems 
Require Special Handling 


There are no “stock answers” to 
industrial water problems. For in- 
formation write, wire or call Hall 
Laboratories, Division of Hagan 
Chemicals & Controls, Inc., Hagan 
Building, Pittsburgh 30, Pa. 


Water is your industry's most im- 


| portant raw material. Use it wisely. 


Hall Laboratories —Consultants on Procurement, Treatment, Use and Disposal of Industrial Water 
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SET A 500 TO 1000 HP AIR COMPRESSOR IN THE CORNER 


OF YOUR PLANT... almost as easy as this 


IF YOUR EXPANDING PLANT FACILITIES are requiring 
more compressed air . . . and putting a squeeze 
on plant space, here’s the answer . . . the new 
Joy WN-224 compressor. Because of its compact 
semi-radial design, the WN-224 is delivered as a 
package—completely assembled—ready to go. Just 
bolt it down, connect power, water, and air lines 
... and you’re ready for long, continuous service. 
This is the only true “package” compressor avail- 
able in these capacities . . . 2418 to 6048 cfm... 
horsepower ratings from 350 to 1000. 


J 


Write for FREE Bulletin 
179-16 


Industrial 


| 
| 
| 
| 
| 
| 
Compressors | 


EQUIPMENT 


AND THE WN-224 SOLVES YOUR SPACE PROBLEMS... 
it can be installed where no other compressor of 
equal capacity will fit. Instead of long, horizontal 
units on massive foundations, the Joy WN-224 
has four cylinders arranged semi-radially around 
the frame. This compact, balanced arrangement 
assures smoother running, gives longer service 
with far less maintenance. Get the whole story 
on the WN-224 from Joy Manufacturing Company, Oliver 
Building, Pittsburgh 22, Pa. In Canada: Joy Manufac- 
turing Company (Canada) Limited, Galt, Ontario. 


WSW | 6666-179 


FOR INDUSTRIAL PLANTS ...FOR ALL INDUSTRY 


Electrical 
Connectors 


Fans and 
Blowers 


| 
| 
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MARSH PACKLESS RADIATOR VALVES 


CORNER PATTERN 
(Sectional Below) 


LOCK AND 
SHIELD 


ANGLE 
PATTERN 


GLOBE 
PATTERN 


WHEEL 
HANDLE 


GRADUATED 


MARSH THERMOSTATIC RADIATOR TRAPS 


ANGLE STRAIGHTWAY VERTICAL LEFT HAND RIGHT HAND CUT OPEN 
PATTERN PATTERN PATTERN CORNER PATTERN CORNER PATTERN VALVE 


No. 12, REPRESENTATIVE 


OF WIDE LINE 
VENTS 
You probably have made certain Marsh products your standbys & 
without realizing there are a lot more of them Be " J 
just as superlative as the ones you like so well. £ Pa sf 


Make the acquaintance of some of them here, but, 


better still— Ask for this Marsh Catalog! 


No. 5 VENT, 
ONE OF MANY MARSH HEATING EQUIPMENT CO. 
ee Sales affiliate of Jas. P. Marsh Corporation 
BUCKET TRAPS : DEPT. F, SKOKIE, ILL. 


F Marsh Instrument & Valve Co. (Canada) Ltd. 
| oe / 8407 103rd St., Edmonton, Alberta 
| ve ve vy We'll be there... at the 
10th Exposition of Air Conditioning and Refrigeration 


Booth No. 201 


| 
International Amphitheater Chicago 

Nov. 18-21, 1957 : 
| . .. AND we'll provide FREE BUS SERVICE 
| 


to and from the show at 
‘MARSH BOILER GAUGES | 


No. 500 INVERTED 
BUCKET TRAP 


THER-ALTI-METER 
(Square and Round) 


INTERNAL SYPHON 
(Square and Round) 


STANDARD 
(Also Compound) 


OUNCE-GRADUATED RETARD 
(Also Compound) 
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Ingersoll-Rand 
power plant equipment 


— % 


CONDENSER. Space-saving Ingersoll-Rand rectangular con- bottom-exhaust steam turbine for the 100,000-kw generating 
denser, with 75,000 sq ft of cooling surface, serves the unit at this large, modern steam plant. 


CIRCULATING. PUMPS. Two _iIngersoll- CONDENSATE PUMPS. The condenser is STEAM-JET EJECTOR. This Ingersoll- 
Rand Class APM vertical circulating pumps, also served by two Ingersoll-Rand Class APHC Rand two-stage steam-jet ejector is used 
each with capacity of 32,500 gpm, handle vertical hot-well pumps, each handling 1400 to evacuate the condenser of all air and 
the condenser cooling water. gpm of condensate. non-condensible gases. 


| 
i 


How Another Central Station Profits with 


MATCHED PERFORMANCE 


of POWER-PLANT EQUIPMENT 


» Ingersoll -Rand 


All of the Ingersoll-Rand equipment shown 
here is installed in a single large utility steam 
plant. 

The condenser, circulating pumps, conden- 
sate pumps, ejectors and boiler-feed pumps 
are designed and built for matched perform- 
ance — matched to each other and to the job. 
Functional coordination of these elements is 
vital to the economy and continuity of the 
steam generating cycle. And by entrusting the 
undivided responsibility for their design and 
construction to I-R power plant equipment 
specialists, the user is assured of maximum 
efficiency and dependability in continuous, 
heavy-duty service. 


The compressed air equipment, too — for 
soot blowing and instrument .air—plays an 
important role. Although basically unrelated 
to each other, these compressors are matched 
to the job — designed to give top performance 
and economy under actual plant conditions. 

Whatever your power plant requirements — 
for condensers, pumps, vacuum equipment 
and compressors—be sure to contact your 
Ingersoll-Rand representative. His specialized 
experience in product and application engi- 
neering can save you time, effort and expense 
in meeting your exact requirements to best 
advantage. Ingersoll-Rand, 11 Broadway, 


New York 4, N. Y. 
14-679 


SOOT BLOWING COMPRESSORS. Two I-R three-stage 
TVH compressors with direct-connected motor drive 
provide high-pressure air for soot-blowing. 


INSTRUMENT AIR. Two I-R ES-NL compressors with 


non-lubricated cylinders provide oil-free air for in- 
strument control. 


BOILER-FEED PUMPS. Three Ingersoll-Rand Class CHTA boiler-feed pumps, 
with double-case construction and ‘‘unit-type” rotor assembly, each handle 
990 gpm at 2300 psi discharge pressure. 
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TYPE 5500 — 600# GLOBE 
INTEGRAL HARD-FACED SEATS 


“500 Brinell’’ 
Stainless Steel Discs. 


Especially suitable for high pressure steam and temperature 
services in power plants. Sizes: %4” thru 2”. Standard Ma- 
terials: Forged carbon steel A.S.T.M. A-105 Gr. II. Alternate 
Body and Bonnet Materials: 144% Chrome, 42% Moly Steel, 
A.S.T.M. A-182 Gr. F-11. Connections: Screwed and Socket Weld 
Ends. For all pressures up to 600 psi at 910°F. 0.W.G. — 2000 
psi at 100°F. 


These 600# bolted bonnet forged steel valves 
really make sense to every man who knows 
the economy of quality valves. Designed into 
them are plus values that substantially reduce 
profit-draining production shut-downs, main- 
tenance problems and inventory costs. Built 
as companions to the widely-used Type 950 
Hancock 800# Steel Gate Valves, they offer: 


Thick, Rigid Body and Bonnet Flanges that 
can withstand more than ten times the rated 
pressure of the valve. The flanges butt — no 
bending, no distortion. 


Re-usable Flexitallic Bonnet Gasket, in com- 
bination with the rigid body and bonnet 
flanges, prevents bonnet joint leakage. The 
gasket is a spiral-wound ribbon of stainless 
steel with asbestos filler and spring-like com- 


TYPE 5520 — 600# GLOBE 
TYPE 5530 — 600# ANGLE 


RENEWABLE BRINELL”’ 
STAINLESS STEEL SEATS 


“500 Brinell”’ Stainless 
Steel Plug Discs. 


Ideal for processing plants and general industrial service. 
Sizes: 4%” thru 2”. Standard Materials: Forged carbon steel 
A.S.T.M. A-105 Gr. Il. Alternate Trims: 18-8 Type 316 Stainless 
Steel; Monel. Alternate Body and Bonnet Materials: 5% 
Chrome, 42% Moly Steel, A.S.T.M. A-182 Gr. F-5; 18-8 Type 304 
Stainless Steel A.S.T.M. A-182 Gr. F-304. Connections: Screwed, 
Socket Weld and Flanged Ends. Screwed and Socket Weld 
Valves: For all pressures up to 600 psi at 910°F. 0.W.G. — 
2000 psi at 100°F. Flanged Valves: For all pressures up to 
600 psi at 850°F. 0.W.G. — 1440 psi at 100°F. 


pressibility. It rests in a groove in the body 
flange — cannot blow out even if pressures 
exceed ten times the rating of the valve. 
Hancock 600# Steel Valves are the first globe 
valves to use this important feature. 


Maximum Use of Stainless Steel. Even the 
stem, swing bolts, nuts, thread bushings and 
packing gland followers are stainless steel — 
your assurance of quality that saves through- 
out the long life of these valves. 


The 5500 Line of Hancock 600# Steel Valves 
is available in Globe, Angle, “Flocontrol,” Lift 
Check and Hi-Pressure Drop designs. What- 
ever your needs, you can buy these valves with 
complete confidence in their functional per- 
fection. Like all other Hancock Valves, they 
are precision engineered and carefully manu- 


PHONE YOUR INDUSTRIAL SUPPLY DISTRIBUTOR. His broad knowledge and experience can be 
of real value to you. Let him help you select the right Hancock Bronze and Steel 


Valves for all your service requirements. 
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“FLOCONTROL” 
TYPE 5525 — 600# GLOBE 
TYPE 5535 — 600# ANGLE (% 

RENEWABLE HARD-FACED 
STAINLESS STEEL SEATS 


Brinell’’ Stainless 
Steel V-Port Discs. 


ness month after month. They surpass the 
toughest service demands of process and 


For general industrial service. Variable orifice, shut-off and & is extremely severe. Size: 1”. 
index combined in a single valve. Any desired setting can be iy Standard Materials: Forged car- 
instantly duplicated. Sizes: 44” thru 2”. Standard Materials: 4 bon steel. Connections: Screwed 
Forged carbon steel. Connections: Screwed, Socket Weld and sy and Socket Weld Ends. For all 
Flanged Ends. Screwed and Socket Weld Valves: For all pres- P pressures up to 600 psi at 910°F. 
sures up to 600 psi at 910°F. 0.W.G. — 2000 psi at 100°F. r 0.W.G. — 2000 psi at 100°F. 
Flanged Valves: For all pressures up to 600 psi at 850°F. : A.S.M.E. maximum boiler pressure 
0.W.G. — 1440 psi at 100°F. er 970 psi. 
factured. You can be sure of long resistance | * 
to wire drawing, galling, steam cutting, © - 
erosion and corrosion — for leakproof tight- 


Complete information is yours on request. 


power piping systems in the most modern & e 
refineries, petrochemical, power and indus- ~__ RENEWABLE HARD-FACED %, 
trial plants. A high degree of standardiza- STAINLESS STEEL SEATS i 
tion in all sizes simplifies both maintenance “500 Brinell’” Stainless Be 
and inventory needs. "Steel Piston Discs. 
Let the durability, performance and econo- 4 For general industrial service. Sizes: %4” thru 2”. Standard Py 
my of Hancock 600# Steel Valves save "Materials: Forged carbon steel. Cap: Bolted. Connections: as 
money for you. Whether you are adding ~ Screwed, Socket Weld and Flanged Ends. Screwed and Socket hy 
facilities, building a new plant or setting up te Weld Valves: For all pressures up to 600 psi at 910°F. 0.W.G. 4 
a revalving program, get all the reasons why a - 2000 psi at 10°F. Flanged Valves: For ail pressures up to ij 
these tough valves serve better and longer. 4 600 psi at 850°F. 0.W.G. — 1440 psi at 100°F. A 


When Hancocks go in, valve costs go down 


HI-PRESSURE DROP 

TYPE 5505 — 600# ANGLE 
INTEGRAL HARD-FACED SEATS 
Stainless Steel Tube. 


An orifice type valve, with shut- 
off and index in a single unit that 
permits the use of a smaller valve 
with a large capacity. Designed 
to withstand the terrific wreck- 
ing power of continuous blow- 
down. Also for use on feed-water, 
by-pass relief, in turbine wash- 
ing processes, and where erosion 


LIFT CHECK VALVE 
TYPE 5540 — 600# GLOBE 


A propuct OF) MANNING, MAXWELL & MOORE, INC. 


WATERTOWN 72, MASSACHUSETTS 


MAKERS OF ‘ASHCROFT’ GAUGES, ‘AMERICAN’ INDUSTRIAL INSTRUMENTS, ‘CONSOLIDATED’ SAFETY AND RELIEF VALVES, ‘AMERICAN-MICROSEN’ 
INDUSTRIAL ELECTRONIC INSTRUMENTS, Stratford, Conn. ‘HANCOCK’ VALVES, Watertown, Mass. ‘CONSOLIDATED’ SAFETY RELIEF VALVES, Tulso, 


Okla. AIRCRAFT CONTROL PRODUCTS, Danbury, Conn. and Inglewood, California. ““SHAW-BOX” AND ‘LOAD LIFTER’ CRANES, ‘BUDGIT’ AND ‘LOAD 
LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES, Muskegon, Michigan. 


In Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 


POWER + SEPTEMBER 1957 * 75TH ANNIVERSARY 


ae 
a * a 
= a tbe} 
3 3 
= 
Aq 
B* 257 


supervision 


For Literature Write to Dept. IGM 


G S. ZIEGLER & COMPANY 


GENERAL OFFICES 
GREAT NECK, N. 


MINES: “CASTLE PEAK,” “LITTLE BONANZA,” “LITTLE EMMA’ © PROCESSING PLANTS: CRAIG, COLO. PROVO, UTAH 
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OG 
identification 


On top 
and 

in sight 

makes it easy 


to identify walyes 
—even in 


insulated lines 


The Vogt tell-all identification disc, on every 
valve, is permanently located above the hand- 
wheel for complete and convenient identifica- 
tion. It shows valve size, catalog and drawing 
number, materials used for principal parts and 
primary pressure and temperature ratings. The 
flat on the handwheel protects the disc in assem- 
bly and in service. 

Vogt GP Valves are available in a complete 
range of sizes from %4” to 2”, with HAYNES 
STELLITE* faced seating surfaces and rated 800 
pounds at 850° F. and 2000 pounds at 100° F. 
(Other types are available through 8” size.) 


*Trade-Mark of Union Carbide and Carbon Corporation 


HENRY VOGT MACHINE CO, 
P.O. BOX 1918, LOUISVILLE 1, KY. 


SALES OFFICES: New York, Chicago, Cleveland, Dallas, Philadelphia, 
St. Louis, Charleston, W. Va. 


Write For Your FREE COPY of Supplement 
No. | to Catalog F-9, Address Dept. 24A-FP 


VALVES 


FORGED STEEL 


Adv. No. 7 in a series describing 
the features of Vogt GP Valves, 
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We build a complete line 


of Reciprocating and Centrifugal Pumps 


TRIPLEX PLUNGER-TYPE POWER PUMPS...for continuous heavy-duty 
service, designed for handling a wide range of products including highly 
volatile liquids over a wide temperature range. Available in 4”, 6” and 8” 
stroke sizes for capacity requirements up to 500 gpm and pressures up 
to 5,650 psi. 


DUPLEX PISTON-TYPE POWER PUMPS. . .for all general service require- 
ments including handling of volatile liquids over a wide temperature range. 
Available in stroke lengths from 6” to 20” for capacity requirements up to 
1,000 gpm and pressures up to 2,700 psi. 


DUPLEX PISTON-TYPE DIRECT-ACTING PUMPS. . .for all general serv- 
ice requirements including handling of volatile liquids over a wide temperature 
range. Available in stroke lengths from 6” to 24” for capacity requirements 
up to 1,800 gpm and pressures up to 800 psi. 


QUINTUPLEX PLUNGER-TYPE POWER PUMPS.. 
continuous heavy-duty service, designed for handling a wide 
range of products including highly volatile liquids over a wide 
temperature range. Available in 8” stroke size with 5 plunger 
sizes for capacity requirements up to 650 gpm and pressures 
up to 3,540 psi. 
IN-LINE VERTICAL CENTRIFUGAL PUMPS 
.. Suction and discharge flanges are on same 
horizontal and vertical center lines for easy in- 
stallation directly in the line—7 sizes provide 
capacities from 50 to 8,000 gpm, 20 to 185 ft 
head, 5 to 200 hp. Available in flange sizes 
from 4” to 20”. 


END-SUCTION SINGLE-STAGE CENTRIFUGAL PUMP. . . for high temper- 
ature application. Vertically split case single stuffing box design for elevated 
temperatures to 900°F.—20 sizes provide capacities from 15 to 2,000 gpm, 
50 to 1,100 ft. head, 2 to 250 hp—for pressures to 750 psi. 


DOUBLE-SUCTION SINGLE-STAGE HEAVY-DUTY-TYPE CENTRIFUGAL 
PUMP. . .for temperatures to 250°F.—14 sizes provide capacities from 100 
to 30,000 gpm, 20 to 300 ft. head, 5 to 1,500 hp. Sizes 14” and larger can be 
furnished with bottom-suction and side-discharge arrangement. 


MULTISTAGE-OPPOSED IMPELLER-TYPE CENTRIFUGAL PUMP... .for 
high pressure service and temperatures to 250°F. Sizes range from 2” to 6” 
discharge connection providing capacities from 100 to 1,300 gpm, pressures 
from 50 to 1,350 psi, requiring up to 1,500 hp. 


UR LONG EXPERIENCE in the design and manu- 
facture of pumps for an extremely wide range 
of applications qualifies us to design and build 
pumps to satisfy your most exacting requirements. 


WILSON-SNYDER PUMPS 


FOR OVER 715 YEARS 
THE SYMBOL OF QUALITY AND DEPENDABILITY 


Write for Catalog containing complete specifications 
and let us quote on your requirements. 


WILSON-SNYDER WORKS—BRADDOCK, PENNSYLVANIA 
Oil Well Supply Division 
United States Steel Corporation 
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ELIVERY 


20” x 10” Reducing 
2” Wall Thickness 


12” Long Radius WMa% Cr—1% Mo. 
2%" Wall Thickness 
1%% Chrome 


REDUCING 
LONG RADIUS 


STRAIGHT 
LONG RADIUS 


90° ELLS 90° ELLS 
Nominal Maximum The exclusive Midwest method of making all Nominal Maximum 
Pipe Size | Wall Thickness welding elbows from plate instead of tubing Pipe Size | Wall Thickness 
gives us a FLEXIBILITY OF MANUFACTURE that 

36 1.250 is much greater than by any other process. These 30 2.000 
30 2.000 heavy wall Midwest straight and reducing 26 * 
26 2.000 elbows are available in any material that can 24 2.000 
24 1.500 be secured as plate. The maximum wall thick- 20 2.000 
20 1.375 nesses for which we now have equipment are 18 2.000 
18 2.250 indicated by the tables at left and right. And, 16 1.500 
16 2.125 because it is easier to get plate than tubing, 14 1.750 
14 1.750 better delivery is another advantage. Still 
2? 2.000 another is the close tolerances inherent in our = Pe 
10 2.000 1.750 
8 1.750 Quality control goes beyond all code require- 6 1.000 
6 1.000 ments. The longitudinal weld of every heavy wall 5 625 
5 625 elbow is completely X-rayed as standard 4 750 
4 750 procedure in our method of manufacture. 3 625 
3 625 You will find it to your advantage to send us 24% 375 
2% 375 your inquiries. 2 500 
2 


Reductions to all nominal pipe sizes down to % 


These straight elbows can be furnished with LONG large diameter. All thicknesses less than those 
TANGENTS at no extra cost. All thicknesses less shown above are, of course, available. 
than those shown above are, of course, available. *Refer to factory. 


MIDWEST PIPING COMPANY, INC. 
Main Office: 1450 South Second St., St. Louis 4, Mo. ¢ Plants: St. Louis, Clifton, N. J. and Los Angeles 


Sales Offices HOUSTON 2—1213 CAPITOL AVE. NEW YORK 7—50 CHURCH ST. 
ASHEVILLE (BOX 446, SKYLAND, N.C.) CHICAGO 3—79 WEST MONROE ST, LOS ANGELES 33—520 ANDERSON ST. ONEIDA, N.Y.—282 NORTH MAIN ST. 
BOSTON 27-426 FIRST ST. CLEVELAND 14-616 ST. CLAIR AVE. MIAMI 34—~2103 LE JEUNE RD. SAN FRANCISCO 11—420 MARKET ST. 


STOCKING DISTRIBUTORS IN PRINCIPAL CITIES 


— 
‘ 
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To 500F it’s J-M Interlocked 


because it cannot ravel or come apart 


Made by an exclusive J-M process, Interlocked 
packing is braided from tough long-fibre asbestos 
yarns strongly interlocked in # solid integral struc- 
ture. There are no jackets to wear through... no 
plaits to loosen. That’s why it retains its strength 
and efficiency far longer than other types. 


Interlocked also seals better. It is flexible and 
resilient, braided square for better contact and re- 
quires less gland pressure. Style 255 is effective 
against steam, hot or cold water, oil, weak acids and 
caustics. Furnished lubricated and graphited in ring 
and coil forms in sizes from 44” and up. 


To 750F it’s J-M Superheat 


because it does not harden under high heat 


Designed specifically for superheated steam between 
500F and 750F, Johns-Manville’s Superheat packing 
is made of highest quality pure asbestos cloth which 
retains its resiliency even after long exposure to 
high temperatures. Woven tight, spiral wrapped and 
then pressed square, this cloth forms a firm resilient 
structure of superior strength and wearability. 


Style 167 Superheat is bonded with a special heat 
resistant compound. No excess is present to car- 
bonize in use. Density is carefully controlled for 
minimum gland pressure. Furnished graphited in 
ring and coil forms in sizes from 4” and up. 


Your local J-M distributor carries full stocks of Interlocked and Superheat 
and other packings. Call him today or write Johns-Manville, Box 14, 


New York 16, N. Y. In Canada, Port Credit, Ontario. IM 


Johns-Manville PACKINGS, GASKETS and TEXTILES 
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YOUR CONTROL PROBLEM? 
You'll find the Anauen in 
CASH STANDARD 


Steam ... Water 
Air...Gas... Oil 


PRESSURE REDUCING VALVE 


A streamlined high capacity valve for close 
pressure regulation—accurate even under 
toughest working conditions. Closes against 
the flow, eliminating conditi that cause 
chatter. Two types available: for high pres- 
sures and for low pressures. Recommended 
for steam, water, air, oil and most gases and 
chemicals. Screwed ends, sizes: 4’ to 2”. 


DIFFERENTIAL CONTROL VALVE 


Maintains constant differential pressure be- 
tween atomizing steam and fuel oil. Non- 
rising type adjusting screw adjusts spring 
either under tension or compression for main- 
taining steam above or below fuel oil pres- 
sure, depending on type of burner employed. 
lron, bronze or steel body; bronze or stainless 
steel trim. Screwed ends, sizes %"’ to 2” 
with expanded outlets when desired. 


REGULATORS FOR POWER | 2 
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RELIEF VALVE 


Maintains a desired iniet pressure by reliev- 
ing into relief line provided or protects 
equipment against high pressure line surges. 
For water, oils, air, gases, slurries and many 
other fluids. Bottom connection is outlet or 
discharge connection. Two side inlet connec- 
tions permit installation in the line or as an 
angle valve with one side inlet plugged. For 
relief pressures to 325 Ibs. and temperatures 
to 500° F. Screwed ends, sizes: 4% to 2”; 
flanged ends, size 2”’. 


Cash Standard 


Stacon Series V Self Operat- 
ing Temp Regul 


Recording Controllers 


Diaphragm Control Valve 
With Type 51 Indicating 


e 
Controller Mounted 


Pilot Operated Pressure 
Regulator 


Type 44 
Type 100 
Positioning Controller 


Contact the Cash Standard control specialist in your area or write Dept. E. 


S' TANI DARD 


A. W. Cash Co. and Its Subsidiary, Cash Standard Stacon Corp. 
P. O. Box 551, Decatur, Ill. 


ENERATION 
ISTRIBUTION 


PRESSURE HYDRAULIC, TEMPERATURE PROCESS AND COMBUSTION CONTROLS 
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Introducing a 
unique concept 
of induced draft 


equipment design 


CLARAGE TYPE DN DYNACURVE FANS 


You'll find this new Clarage product has many advantages 
in store for you. For example: Minimum floor space and 
height requirements . . . Low first cost, installation cost, 
and operating cost ... High efficiency over a wide per- 
formance range... Fan wheel built with 36 aerodynamically 
curved blades and tapered rims . . . Exceptionally rugged 
construction fully equal to the most exacting assignments. 
Obtain full information on Type DN Dynacurve Fans. 
Write today for Catalog 905. CLARAGE FAN COMPANY, 
Kalamazoo, Michigan. 


dependable equipment for 
making air your servant 


SALES ENGINEERING OFFICES IN ALL PRINCIPAL CITIES @ IN CANADA: Canada Fans, Ltd., 4285 Richelieu St., Montreal 
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T CHICAGO, INDIANA 


Edward Valves, of ROCKWELL MANUFACTURING COMPANY 


THIRD QUARTER 1957 


THESE SEVEN PAGES are a condensation of the current issue 
of Edward Valve Values . . . published as a service for users 
of steel valves. In this issue: 
J&L Steel solves coke oven steam line valve problems 
News about Flite-Flow low-pressure-drop globe valves 
How Edward met Shippingport nuclear valve requirements 
Report on growth of Edward Research Laboratories 


ABOVE —- Engineers in recently ex- 
panded Edward Research Laboratories 
test operating characteristics of new 
Flite-Flow stop valve and _ stainless 
steel nuclear check valve in high 
Capacity water loop. See stories on 
following six pages 


For coke oven steam lines . . . 


Jones & Laughlin 
Standardizes 
on Edward 


Frank E. Baker 
Master Mechanic 

Pittsburgh Works By-Products Plant 
Jones & Laughlin Steel Corporation 


Though other valves lasted as little as two 
months, Edward forged steel stop valves have 


proved “as good as new” after three years 
service in coke oven steam lines at our Pitts- 
burgh Works By-Products plant. We are now 
standardizing on the Edward valve to replace 


other valves in these steam lines. 


Jones & Laughlin has six coke oven batteries 
in service at this plant, having a total of 379 
ovens. An individual steam line feeds each 
oven, requiring a 34-inch stop valve for each 
line. Every time an oven is charged with coal, 
we open the valve to admit steam to the oven 
so that smoke and dirt are dampened during 
charging. Steam pressure varies from 100 to 
150 psi, saturated, 


Seat and packing leakage on other kinds of 
valves had forced us to assign the majority of 
the time of a pipe fitter and helper to repair 
work on coke oven valves. By installing a 600- 
lb Edward forged steel stop valve (Edward 
Fig. 2698), leakage has been stopped. ‘The first 
Edward valve we used for this service was 
withdrawn from service for inspection after 
three years. We found seat and disk as good 
as new. The slight extra cost of the Edward 
Fig. 2698 valve is more than offset by the 
elimination of leakage, maintenance and 
downtime. That’s why we are standardizing 
on the Edward forged steel stop valve for our 
coke oven steam lines. 


Coke oven ascension pipes at Jones G Laughlin Pittsburgh Works 
By-Products plant. There are six batteries of these coke ovens, with 
a total of 379 ovens. 


weg 


Edward forged steel stop valves (upper right) are being 
installed on all steam lines to oven ascension pipes. Steam 
is admitted during charging to dampen smoke and dirt. 


EDWARD VALVE VALUES GS | 
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FLITE-FLOW? 


Flow through new Flite-Flow valve develops only 30% the pres- 


sure drop of best previous globe valves. Disk, shown seated here, 
rises to 100% seat diameter. Flite-Flow valves are available from 
10-inch to 18-inch in 1500-Ib and 2500-Ib classes. 


Anyone responsible for 
tigate) 2 modern boiler plant 
500,000 lb/hr or larger 
might well ask: “Why 
should such a valve as the new 
Edward Flite-Flow have been de- 
veloped?” Why a steel globe valve 
with only 30% the pressure drop of 
the best globe valves available just 
three years ago? Basically, the an- 
swer begins with the fact that only 
a globe valve can give absolute 
droptight shutoff. While shutoff 
sufficient to essentially prevent cir- 
culation is possible with other valve 
types, only a globe valve can shut 
tight enough to permit access. For 
even the slightest leakage of 500-F, 
3000-psi water through the smallest 
pinhole will prevent men from 
getting at equipment. 

Assuming, then, that globe valves 
are best installed when absolute 
shutoff is needed in modern high- 
pressure systems, next consider the 
matter of pressure drop. Ordinary 
globe valves introduce some pres- 
sure drop. And the continuing 
trend toward larger capacity plants 
means that more fluid is pumped 
at higher velocities through smaller 
diameters under higher pressures. 


valves 


So pressure drop inherent in the 
ordinary globe valve would increase 
in importance as high-velocity flow 
becomes more prevalent. 

But why not develop a better 
globe valve . . . offering absolute 
shutoff and yet not imposing so 
much pressure drop? Edward Re- 
search answers this question with 
Flite-Flow . . . a steel globe valve 
that cuts pressure drop to 30% 
that of the best globe valve avail- 


ba 


able just a few years ago. For ex- 
ample, consider a 12-inch valve in 
boiler feedwater service on a 
1,500,000 Ib/hr unit at 500 F and 
3000 psi: 


Ordinary globe valve 10 to 15 lb drop 

Streamlined 
Edward Globe Valve 
1954 model 

Edward Flite-Flow 
1957 model 


Good gate valve 


8.4 lb drop 


2.1 Ib drop 
1.0 lb drop 


How does Flite-Flow come to 
achieve such low pressure drop? 
Edward engineers in their continu- 
ing program of valve development, 
singled out turbulence in the flow 
path as a promising target for 
study. They used all the facilities 
available to flow research to chart 
the effects of shaping valve passages 
and of shifting the location of the 
valve seat. Among the first things 
they found out was that great inter- 
dependence exists between the 
shape of the inlet and outlet pass- 
ages adjacent to the valve seat. 
Designs to reduce turbulence ahead 
of the seat must be closely corre- 
lated with designs to reduce turbu- 
lence downstream if total pressure 
drop is to be minimized. 


(Continued on next page.) 


Radiography, shown here, is one of the laboratory and production tests used to 
double check soundness of Flite-Flow bodies. 


* Flite-Flow is a trade name of Edward Valves, Inc. 
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... Height of the Valvemaking Art 


Quality control of the highest 
order in building  standard-line 
steel nuclear valves for Duquesne 
Light Shippingport 
Station has brought the valve 
maker’s art to new heights. These 
valves, for the primary coolant sys- 
tem in the first full-scale nuclear 
power generating station, were fur- 
nished by Edward Valves in 14-inch 


Company's 


Each forged steel valve was packed 
in an individual sealed plastic bag. 


to 18-inch sizes for pressures up to 
the ASA 2500-psi class. But since 
no valves have ever been called 
upon to perform in such service 
before and since slightest valve 
failure could have consequences 
far more serious than any possible 
before, Edward was called upon to 
apply every conceivable technique 
of quality control known. 


From the very beginning, phy- 
sical and chemical analysis of all 
component materials was made on 
every lot and every heat. Statistical 
lot testing was not adequate. 


Normal valve making requires 
only that certain diameters and 
angles be watched to critical toler- 
ances. But for the Shippingport 
valves, every dimension that could 
be measured was measured and 
checked to tolerances of thou- 
sandths of an inch. All valve bodies 
were ultrasonically tested to pick 
out body flaws that could lead to 
leaks or stress concentrations. UlI- 
trasonic testing is not ordinarily 


Why FLITE-FLOW? (Continued) 


In the final Flite-Flow design, 
flow approaching the seat is pre- 
shaped. Fluid is squeezed just a 
bit so there is a squirting action 
that carries the fluid smoothly 
across the opening through which 
the disk travels. The outlet side is 
shaped to catch the fluid and send 
it on its way with minimum turbu- 
lence and eddy. Result is Flite- 
Flow ... a globe valve that pro- 
vides droptight shutoff in feed- 
water service with very little 
penalty in pressure drop. 

In steam service, the following 
performance has becn recorded in 
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a boiler delivering 1,000,000 lb/hr 
at 1050 F and 1900 psi through 12- 
inch valves: 


Conventional globe valve 
Flite-Flow 
Gate valve 


66 lb drop 
20 lb drop 
7 lb drop 


Whether in feedwater or steam 
service, the slight additional pres- 
sure drop for Flite-Flow is com- 
paratively so small that its great 
advantage of absolute droptight- 
ness is being sought more and more 
for today’s modern power units 
500,000 lb/hr or larger. That’s 
“why Flite-Flow.” 


All internal surfaces were inspected 


with a Boroscope. Roughness was 
held to 30 microinches. 


warranted for valves of this size. 
After Stellite inlays were laid and 
machined for seating surfaces, dye 
penetrants were used to detect 
porosity, surface flaws, holes and 
crevices. 


Though lapping is usually re- 
served for valves destined for gas 
service, the Shippingport valve 
seats were hand lapped to a maxi- 
mum roughness of 16 to 30 micro- 
inches, rms. All internal surfaces 
exposed to fluid were polished to 
125 microinches, rms. Such fine 
internal finishing is very difficult 
on small valves, but had to be 
done. All internal surfaces were 
inspected with Boroscopes. 


Before assembly, parts had to be 
super clean. They were first hand 
scrubbed with detergent and rinsed 
in demineralized water. The rinse 
water had to be conveyed through 
polyvinylchloride and stainless steel 


Large 18 in. cast stainless steel 
check valves received same meticu- 
lous attention as small forged valves. 


75TH ANNIVERSARY * POWER * SEPTEMBER 1957 


; 
\ 
: 
4 
j 


Water treatment equipment (right) 


provided demineralized 


water to rinse valve parts. Water purity was monitored by 


checking resistivity and pH. 


This valve is typical of the smaller capped forged steel stop 


valves, furnished by Edward. 


piping. Quality of the rinse water 
was monitored by measuring re- 
sistivity and pH. 


Parts were next degreased with a 
special solvent neutrally inhibited 
for hydrochloric acid to prevent 
acid formation on hydrolysis. After 
degreasing, all parts were rinsed in 
demineralized water again to re- 
move condensed solvent. Then the 
parts were oven dried in inert ni- 
trogen gas and assembled. 


All cleaning and degreasing as 
well as final assembly was done in 
the “clean room.” This was a com- 
pletely 
room maintained with positive air 
pressure so that all leaks would be 


isolated air-conditioned 


from the clean room outward. No 
air would leak in to carry in con- 
taminants. All personnel working 
in the clean room wore lint-free 
Orlon coveralls with no pockets. 
No smoking was permitted. All 
personnel had to walk over a chem- 
ically treated mat to remove dust 
from their shoes, Everyone wore 
lint-free gloves. 

Two-hour hydrostatic tests, back 
seat tests, and packing tests were 
done in the clean room, also. After 
tests, the completed valves were 
again oven dried in nitrogen and 


Graduates are inspected for leakage tests. Notice 
lint-free gloves, coveralls and slippers. 


inspected with a Boroscope for 
cleanliness, porosity and surface 
finish. These inspections were made 
by Edward and representatives of 
Westinghouse Electric Corp. and 
the United States Navy. Still in the 
clean room, valves were sealed in 
polyethylene bags and re- 
moved for packing according to 
military standards. 

Experience with rigid quality 
control conditions such as these is 
hardly routine. But it illustrates 
what a valve maker can do with 
his standard line. 


Rockwell-Built EDWARD VALVES 
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Flow test through new 10-inch loop uses vertical run here. Horizontal section can be used for test, too. 


Rockwell-Edward Research Laboratories Grow 


Six cyclic valve operators, a liquid 
sodium test rig, and a 10-inch test 
loop for full-size design and cus- 
tomer tests recently 
have been added to the Edward 
Research Laboratories. Operating 
philosophy of Edward Research 
dictates that facts offered by sup- 
pliers of raw materials about the 
abilities of their materials be but 
the springboard for the Edward 
laboratory study. Edward Research 
begins at the point where new de- 
signs and new materials first meet 
in the evolution of a steel valve. 
Any one of the six new cyclic valve 
operators, for example, may test 
the ability of a new steel to serve 


acceptance 
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as a valve stem after the data 
supplied by the steel maker shows 
promise for the steel in 
application. 


such 


These versatile valve testing oper- 
ators accelerate the most funda- 
mental test of valve performance 
... endurance. Will the valve hold 
tight against the pressure for which 
it is designed after many openings 
and closings? Research shows, for 
example, that 1000 complete cycles 
is a good test of steel valve per- 
formance. One thousand cycles is 
chosen on the basis of duty during 
expected valve life rather than on 
any arbitrary statistical minimum. 
But 1000 cycles corresponds to actu- 


al service of over three years for a 
valve operated once a day, or al- 
most 20 years for a valve operated 
once a week, or over 83 years for 
a valve operated once a month. So 
laboratory valve operators are auto- 
matically operated to accelerate 
life by rapid cycling. Valve can 
be closed, pressure in it main- 
tained at up to 5000 psi for up 
to 30 minutes, and valve then 
opened. Such a cycle can be re- 
peated automatically without at- 
tention by a human operator for 
any number of cycles. 

Two of the cyclic valve operators 
work through a quarter turn. Four 
others have motorized gear drives 
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that can be set for any stem travel 
required by the valve under test. 
These valve operators are used in 
conjunction with test setups involv- 
ing many media. Currently, for 
example, one test loop circulates 
molten lead through the test valve 
and another is circulating kerosene. 
Both these studies are well within 
the general objectives of Edward 
Research . . . to test the relative 
value of different materials for a 
given valve part and to test the 
relative value of different designs 
for different applications. 

The liquid sodium test setup is 
also typical of the new facilities 
constantly being added to keep up 
with demands of modern steel valve 
technology. Pin, bushing, and 
spring wear are currently under 
study on a new check valve oper- 
ating in sodium liquified at 300 
psi and 1000 F. Handling liquid 
sodium is a problem in itself. In- 
tricate argon purging systems and 
other safeguards are necessary. 

The 10-inch test loop recently 
added to the Edward Research 
Laboratory permits full-scale pres- 
sure drop and lift tests of new de- 
signs. The loop accommodates 
valves from 2-inch to 30-inch in 
horizontal and vertical runs. (By 
extending from specific volumes 
and steam tables, the 10-inch loop 
effectively tests valves up to 30- 
inch.) Flow can be reversed through 
the loop quickly. At 20 ft/sec., 
flow can be fully reversed in 0.2 
seconds. Straightening vanes and 
many feet of straight pipe are in- 
stalled on both sides of the flow- 
measuring orifice so that flow in 
either direction gives equally valid 
results. Flow from 6400 to 2,360,000 
lb/hr of water is available in the 
10-inch loop. 

These new facilities added to 
others already installed (see VALVE 
VALUES, Vol. 12, No. 40) often 
lead to surprises. Factors expected 
to be troublesome are found by 
laboratory investigation to be eas- 
ily resolved; but the laboratory 
work brings to light other factors 
not originally anticipated. So there 
is no substitute for laboratory test- 


Cyclic valve operators permit accelerated life testing to duplicate field operation 
under controlled laboratory conditions. Control cabinets (right) can be set to 
put valves through a wide variety of duty cycles. 


Sodium rig tests valves for nuclear 
service, 


Molten lead is circulated through 
valve (center) in this test. 


ing as done at Edward. Yet, the 
limitations of controlled laboratory 
conditions are recognized. Edward 
has an equally comprehensive field 
testing program so that problems 
brought about by field abuse can 


be solved early in design. Edward 
continues, however, to invest in its 
laboratory for the single purpose 
of building better steel valves, 
with the best valve materials and 
designs possible. 


= Edward Valves, inc. 


The EDWARD Research Laboratories 
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ECONOMY MODEL 
NO. 747-B-37 


$2400 


THE PROFESSIONAL’S HAND TOOL WITH A DURABLE 
PHENOLIC BODY « DIRECT INCH AND METRIC SCALES 
e TWO INTERCHANGEABLE EXTENSIONS ¢ OXIDE 
TEMPERED STEEL BLADES 


WITH THESE NEW FEATURES 


@ Bolt Hole Locator... 
speedy, accurate 


@ Dove Tail Designer... 
simple, convenient 


Quickly and easily cuts pliable gasket materials from 
1 to 37 inches in diameter, from .003 to 1} 
inches thick. Compact, lightweight yet made for 
rugged use, this tool comes in strong metal box 
with stainless steel pivot pins and sturdy fibre surface 
cutting board. 


Copyright 1957 by Ralph Zimmerman 


PACKING 
facturers of Gasket Cutters and Mechani | Packing: 


Cincinnati 12, Ohio 
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A carload (50 Tons)—of Morton Purex Salt 
contains virtually no wasteful insoluble matter 
or sludge—shale and sulphates. 


A carload (50 Tons)—of salt can offen con- 
tain as much as 5000 Ibs. of sludge which 
you pay as part of purchase and freight costs. 


Stop paying for wasteful sludge 


Purex Salt 


These filter pads (approximately 1/5 actual size) 
show you how much insoluble matter (sludge) you 
get in just 5 Ibs. of various kinds of salt. 


Type B Salt 


Type C Salt Morton Purex Evaporated Salt 


Tests for insolubles taken from random samples show 
you that Morton Purex is the only one that contains 
no wasteful sludge or insolubles. 

For more information about Morton Purex Salt, and for 
free, expert help on any water-softening problem, write: 
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When you buy Morton Purex Salt, you get high purity 
evaporated salt that is made in a controlled-particle 
size to prevent packing and channeling. With Purex, 
none of your purchase price or freight bill goes toward 
paying for useless, troublesome insoluble matter. 

With Morton Purex, no time or labor is wasted in 
cleaning out insoluble matter from your brine making 
system to keep it functioning at peak capacity. For 
Purex is 100% soluble. Morton Purex will leave no 
accuniulation of material in either brine or water 
softener tanks. It can be used in wet-storage systems, 
and in the Morton Model-E Brinemaker. 


MORTON SALT 
COMPANY 
INDUSTRIAL DIVISION 


Dept. P-9 120 So. LaSalle Street, 
Chicago 3, Illinois 
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NEED WATER TREATMENT ? 


], comptete survey 


Your Mogul Service Man will 
survey all equipment requiring 
treatment. Our Service Depart- 
ment will review this survey 
and make treatment recom- 
mendations. 


A 3 , WATER TESTS 


Your Mogul Service Man will 
make water tests whenever neces- 
sary. Our Service Department 
will provide instructions for blow- 
downs, wash-outs and standby 
procedure, as required. 


test ser 


We furnish you with a Mogul 
Test Set. TEST SET REAGENTS 
ARE SUPPLIED AT NO 
CHARGE. 


When you MOGUL-IZE your operating 
equipment with Mogul Quality Products 
and Mogul Service you are assured of receiving 
protection from the damaging effects of water. 


MOGUL offers a completely integrated water 
treatment program with performance results 
“guaranteed and backed by a bond”. 

MOGUL-IZING is thé answer to more efficient 
operation of your equipment through “personal- 
ized” treatment of your specific water problems. 
Write today for more complete information. It’s 


Wise to MOGUL-IZE! Let your Mogul Service 
Man show you why. There is no obligation. 


SPECIALISTS. 


WISE... 


Standard Building 


Our Service Department is avail- 
able for water problem consultation 
at all times. Water samples will be 
analyzed and results reported to 
you at No Charge. 


4. REPORT CHARTS 


Mogul Report Charts are supplied so 
you may keep daily records of your 
water control tests. Monthly charts 
may be submitted for Service 
Department review and comments. 


4& PERIODIC CALLS 


Your Mogul Service Man will assist 
your operating personnel in the 
use of Mogul products, and proper 
feeder requirements. 


Product literature is 
available on request. 
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will operate special 
18” Flow Control Valves 


Shown above is the prototype of the special 18” Main Coolant Valves used at 
the Shippingport, Pennsylvania Plant of the Duquesne Power & Light Co. 
There are eight similar Crane Stainless Steel Parallel disc Gate Valves used 
on the Coolant lines in a pressurized water reactor system; and several will be 
opened and closed electrically by LImMiIToRQUE “push-button” Valve 
Operators. These valves are designed to seat and back-seat at pre-determined 
fixed loading. Special dial indicators are provided for continuous observation 
of seat-loading. 
.. . Many other critical valves in this plant will be operated by standard 
Limitorque Valve Controls. Write on your business letter- 
If standard Limitorque designs will not fulfill a special valve requirement, head for catalog 1-550, which 
Limitorque engineers are prepared to solve your most difficult problems of fully illustrates and describes 
valve operation or flow control. Limitorque. 
Far more Valves of all types are “push-button” operated by Limitorque 
than all other makes. 


x ® 
lini orgue PHILADELPHIA GEAR WORKS, /NC. 


ERIE AVE. & G STREET. PHILADELPHIA 34, PENNA. 
Offices in all Principal Cities 
INDUSTRIAL GEARS & SPEED REDUCERS * LIMITORQUE VALVE CONTROLS * FLUID MIXERS « FLEXIBLE COUPLINGS 


Limitorque Corporation Philadelphia 
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Deionization 


That's the story of Elgin and Water Conditioning Progress during 
the past 50 years. Compared to water conditioning, few if any 
fields of human endeavor ever started in greater confusion... 
ever underwent more feverish development . . . ever achieved 
so many hard-won and revolutionary goals. We ought to know; 
we stepped into this field at the turn of the century when the 
only thing the power plant man was sure of was that something 
drastic had to be done about boiler water. Old-timers may 
recall they were so desperate in those days that they often 
used potato peels to cure their boiler water ills. (The tannin 
and starch they contained may have helped.) 


SOFTENING BY ION EXCHANGE — used to elimi- 
nate calcium and magnesium hardness from No more effective than home-grown remedies like potato 
water. All types of ion exchangers available to peelings were the early sins committed under the name of 
meet specific conditions. “compounds” . . . but soon, thanks to the tireless efforts of 
the engineer and the chemist, came the enlightenment that 
was to lead into the revolutionary developments of today. 


Elgin was a pioneer and leader in this development. Think 
back over the dazzling progress in ion exchange: Once a cu. 
ft. of ‘‘greensand”’ would soften only 280 gallons of 10-grain 
water. Today, working with modern Elgin equipment and 
resinous ion-exchange zeolites we have stepped this 280 gallons 
up to 3000 gallons! Yes, and the new Elgin Deionization 
systems provide water actually more mineral-free than dis- 
tilled water . . . at a small fraction of the cost of distillation. 
Pictured at the left are typical examples of ways in which 
Elgin has kept abreast and ahead of the new demands of 
modern power and processing plants. 


No one knows what the future holds in this or any other 
field, but it can be uncontrovertibly said that insofar as water 
conditioning is concerned, you need not worry about the future. 
This very day we can make over any water into exactly the 
kind and quality you need for any use. Why not let us put 
our experience to work for you. 


DEALKALIZATION BY ION EXCHANGE — pro- 
duces soft water of controlled alkalinity. Various 
exchangers used, depending on requirements. 


ELGIN SOFTENER CORPORATION 


DEIONIZATION BY ION EXCHANGE — pro- , 130 N. Grove Avenue, Elgin, Illinois 


duces water of better than distilled quality. Representatives in Principal Cities 


lon exchangers of mixed-bed or multi-column In Canada: G. F. Sterne & Son Ltd., Brantford 


design give ‘‘tailor-made” effluent to meet 
Process or boiler plant requirements. 


- 


SOFTENERS 1ON EXCHANGERS FILTERS DEIONIZERS DEALKALIZERS CLARIFIERS DEGASITORS DEAERATING HEATERS 
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makes 
Solenoid Valve selection simple 


Comprehensive Design Engineering Data Now Available 
Keys Proper Solenoid Valve to Application 


Specifically designed to make the selection of solenoid valves simple, 
the ASCO Valve Catalog gives you the most comprehensive engineer- 
ing data available to aid you in your solenoid valve selection. 

Here are 114 pages of up-to-date valve information. These pages 
incorporate detailed engineering sections. Finding the proper valve 
for your particular application is made easy by a simple master index 
which leads you to a separator where you will find all the valves of 
the type you require. Each separator has a more detailed index which 
will enable you to turn right to the valve bulletin needed to meet 


your particular requirements. 


You may order the complete catalog or individual sec- 
tions or bulletins. You will find easy to use return reply 
cards in each catalog for ordering additional literature. 
Also available is the Electromagnetic Control Master 
Catalog 57-S or any one of the six sectional Catalogs 
covering Automatic Transfer Switches, Remote Control 
Switches, Contactors, Relays, Solenoids-or Electric 
Plant Controls. 


Any of these important engineering reference 
aids may be obtained by writing Automatic 
Switch Company — on company letterhead 
only please. 


Automatic Switch Co. 


54-1 Hanover Road, Florham Park, New Jersey 


F Reatier 7.4600 
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backup 


Nicholson steam traps discharge condensate and air from 
steam lines and equipment faster than any other trap of 
comparable size . . . help you make full use of your steam 
dollar. The reason—the effective use of a large orifice. 
A 14" Nicholson trap has a greater discharge capacity 
than most 114” traps... and costs less, too! 


And that’s not all. With just one thermostatically- 
operated moving part, there’s nothing to get out of 
order, nothing to go wrong. Nicholson means continuous 
and low-cost operation of your steam-using equipment 
...no downtime from trap failure. 


powerful valve action ...no mechanical linkages to cause 
trouble. 


small and lightweight... easy to pipe and support. Write for 


* each unit steam-tested before shipment. Bulletin 1055 


So, to get a trap that discharges faster, saves money, 
specify Nicholson. W. H. NICHOLSON AND COMPANY, 
14 OREGON St., WILKES-BARRE, PA. Sales and Engineer- 
ing offices in 98 principal cities. 


of Wilkes-Barre 
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Leading 


These 120 Sola-Flex Joints go 
into new ALCOA plant 


MORE AND MORE LEADING FIRMS specify Sola-Flex indus- 


trial expansion joints to help solve difficult pressure and 
temperature problems. This shipment of bellows will be used 
in Aluminum Company of America’s smelting plant at 
Point Comfort, Texas—and other volume orders are sched- 
uled for petroleum, chemical, power and many other indus- 
tries requiring durable, economical expansion assemblies. 

Solar manufactures the most comprehensive line of 
bellows and expansion joints in the world, Types include 
convoluted, U-span, rectangular and custom-built joints for 
specific problems. Stainless steel and heat-resistant alloy 
bellows have been built for service from —320 F to 2000 E 
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And they have been supplied in sizes ranging from ™% inch 
to the world’s largest — 28 feet in diameter. 

Hot or cold, large or small, high pressure or low —no 
matter what your particular piping need, experienced Solar 
engineers can recommend exactly the right expansion joint 
for you. Write today for the latest Sola-Flex catalog. Dept. 


D-77, Solar Aircraft Company, San Diego 12, California. 


SOLAR 


AIRCRAFT COMPANY 


SAN DIEGO 
DES MOINES 


DESIGNERS, DEVELOPERS AND MANUFACTURERS OF GAS TURBINES 
EXPANSION JOINTS * CONTROLS + AIRCRAFT AND MISSILE COMPONENTS 


B+ 281 


“BUFFALO” 

BUILDS A 
“CUSTOM” PUMP 
FOR EVERY JOB 
IN YOUR PLANT 


(at REGULAR pump prices!) 


A BETTER 


CENTRIFUGAL 


CLEAR WATER —For clear water service there 
is no more efficient pump than the double- 
suction “Buffalo” Type “SL”. Its hydraulic 
balance, its free-flow water passages and 
husky construction mean economical service 
over many years. Capacities from 10 to 
14,000 gpm. Write for Bulletin 955. 


HIGH PRESSURE — “Buffalo” Type “RR” 
Multi-stage Pumps combine rugged strength 
and efficiency on boiler feed and other clear 
water service, against heads as high as 1500 
feet, in capacities up to 900 gpm. Shafts are 
extra-heavy with ball bearing support on 
both ends — stuffing boxes are deep. Write 
for Bulletin 980 for all engineering details. 


NON-CLOGGING — For moving high-consist- 
ency liquids, “Buffalo’’ Diagonally Split- 
Shell Pumps offer freedom from expensive 
shutdowns. And since efficiency does not 
depend on close impeller clearances, there is 
no problem of ‘wedging’ and wear. Avail- 
able rubber-lined for corrosive or abrasive 
liquids. Write for Bulletin 953. 


HEAT TRANSFER — “Buffalo’”’ Heat Transfer 
Pumps are specifically designed for high- 
temperature liquids. Successfully used in 
large installations, they employ special water- 
cooled bearings and packing, plus suitable 
alloys — built into our basic, efficient single- 
suction, solid shell design. Write for engi- 
neering details. 


CHEMICAL LIQUIDS — “Buffalo” builds 10 
special types of chemical pumps in a wide 
choice of trim for almost any corrosive, 
abrasive or high-consistency liquid. Above is 
a single-suction, full ball bearing model. 
Write for Bulletin 982 and check this wide 
selection. 


Because “Buffalo” builds a complete 
line of pumps tailored to the liquid- 
moving applications of every indus- 
try, you get all the benefits of a custom- 
designed pump — without paying a 
“custom’”’ price. You can match a 
“Buffalo” Pump to your exact condi- 
tions — and enjoy the high efficiency, 
easy maintenance and long life that 
only such a pump can deliver. Shown 
here are some of the types — simply 
write us about your problem, and we'll 


recommend the right pump! 


ALSO .. . “Buffalo” Close-Coupled 
Pumps, Sump Pumps, and Raw Sew- 
age Pumps — all with the “Q” Factor, 
or built-in Quality which provides 
trouble-free satisfaction and long life 


in every “Buffalo” product. 


BUFFALO PUMPS 


Division of Buffalo Forge Co. 


BROADWAY 


BUFFALO, N. Y. 


Canada Pumps, Ltd., Kitchener, Ont. 


Sales Representatives in all Principal Cities 


PUMP 
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for close control of steam, 


Try this new O-B Plug Type valve where 
throttling is a problem and watch how it gives long 
and satisfactory service. 

Here’s why! 

Seat and disc in this new valve are stainless steel, 
hardened to 500-plus Brinell. They are so tough 
that even hard-to-hold steam can be kept under 
close control. Sand, scale, or other foreign matter is 
easily crushed between seat and disc without scoring 
the surfaces when valve is closed. 

In addition to tough seating surfaces, this valve 
has all the features of O-B quality bronze valves— 


POWER * SEPTEMBER 1957 * 75TH ANNIVERSARY 


water, oil or air 


self-leveling disc holder, full length packing that can 
be renewed when valve is under pressure, and sturdy 
body construction. A union bonnet provides extra 
strength at centerpiece joint and makes it easy to 
dismantle valve. 


The O-B Plug Type valve is made in angle and 
globe types for 150 lbs. WSP and 300 Ibs. WOG, or 
200 Ibs. WSP and 400 lbs. WOG. Seat and disc are 
renewable. 


For further information contact the O-B dis- 
tributor in your area, or write to Ohio Brass Com- 
pany, 380 North Main Street, Mansfield, Ohio. 
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COMPLETE LINE | 
DESIGNED FOR DEPENDABILI 


R-PaC Pressure Sealed Valves Meet Requirements 
of High Pressure and High Temperature Applications 


¢ The R-PaC Pressure Sealed Valve pictured 
above—made of electric furnace cast steel— 
has been successfully developed to meet de- 
mands for valves that provide tightness under 
varying conditions encountered at high pres- 
sures and high temperatures. These valves, 
available in gates (up to 12”) and globes (up to 
8”) in 900, 1500 and 2500 pound classes, are 
also being used increasingly for less difficult 
services, because of the inherent advantages of 
pressure-sealed construction. 

Among these advantages are: elimination of 
bonnet flanges; tightness unaffected by temper- 
ture changes; quick, easy inspection—disassem- 
bly and reassembly; reduced weight without 
loss of strength; savings of space; ease of in- 
sulation; neat appearance. 


FREE WALL CHART 


**How to Protect Your Valves”’ 
Installation pointers, operating tips, clues 
to longer valve life. They are all on this 22” 
x 17” wall chart. Write for your free copy. 


R-PaC Pressure Sealed Valves typify the 
high quality of the entire cast steel line, includ- 
ing gate, angle, globe, swing check and lift check 
styles in many sizes and pressure classes 
(150-2500 psi). 


A COMPLETE Line of Valves 


Whenever you need valves of any kind, it’s good 
business to look to R-PaC. The R-PaC Valve 
line includes gate, globe, angle and check valves 
in bronze, electric iron and cast steel, and forged 
steel. Also, R-PaC offers a full line of cast steel 
fittings, as well as specialties such as bar stock 
and Lubrotite gate valves, asbestos-packed cocks 
and other items. 


Write our Reading office for catalog. 


R-P &C VALVE DIVISION 
AMERICAN CHAIN & CABLE 


San Francisco, Bridgeport, Conn. 
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7” Unretouched photo of dissolved 
oxygen attack in steam conden- 
sate return lines. 


DEPOSIT OF NO RETURN 


The “growths” you see on the interior 
of this condensate return line are 
known as tubercles. Beneath each 
tubercle is a cavity or pit in the metal 
surface—the result of concentrated, 
localized attack by the corrosive 
water. Water containing dissolved 
oxygen has converted metal on the 
pipe’s interior to iron oxide, causing 
a buildup of corroded material. The 
velocity of the water flowing through 
the line is not sufficient to remove the 
tubercles, so they continue to grow 
larger and larger. 


Dearborn’s FILMEEN* prevents 


illustrated Booklet gives alli the facts on 
Dearborn Water Conditioning Program. 
The coupon is for your convenience. 


...a leader in water conditioning and 
corrosion control since 1887 


this corrosive attack by forming a 
continuous, monomolecular film on 
the interior surface of the pipe, pro- 
tecting it against both oxygen and 
carbon dioxide corrosion. FILMEEN 
provides a protective, non-wettable 
barrier between treated steam, or 
condensate, and metal pipe surfaces. 

FILMEEN is only one of many 
Dearborn water conditioning prod- 
ucts scientifically developed to con- 
trol specific corrosion problems. 
Others eliminate scale, sludge, carry- 
over, and similar difficulties. 


Power engineers in leading indus- 


trial and commercial plants place 
their confidence in Dearborn’s 70 
years of experience in water chemis- 
try. They have found the answer to 
the demand for complete plant pro- 
tection in Dearborn Supervisory 
Service—a properly balanced water 
conditioning program which com- 
bines quality products with correct, 
technically supervised control meth- 
ods and test procedures. 


Let a Dearborn Engineer survey 
your plant and recommend the type 
of water control program best suited 
to your requirements. 


*FILMEEN is the trade-mark if a corrosion-inhibiting compound 


Gentlemen: 


Company 


Address 
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patented and produced exclusive 
U. S. Pat. No. RE 23614. 


--------- 


ly by Dearborn Chemical Company. 


Dearborn Chemical Company 
Merchandise Mart Plaza, Dept. PO, Chicago 54, IIL. 


Send my copy of Dearborn Water Conditioning Program. 
Have a Dearborn Water Treatment Engineer call. 


4 
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@ Cut Materials and Labor Costs... 


® Solve Leakage and Corrosion Problems! 


A high degree of water purity is a must for 
efficient operations at Pennsylvania Electric 
Company’s Shawville Station. Neutralizing and 
demineralizing a highly acidic water supply 
demands positive protection from contami- 
nation and corrosion. Careful study of all 
available piping materials led Gilbert Asso- 
ciates, consulting engineers, to specify low cost 
light wall stainless pipe and Speedline Fittings 
for both boiler feed lines and water make-up lines! 


Elimination of contamination and corrosion 
problems plus savings in materials costs, instal- 
lation time and maintenance-free system 
performance proved the wisdom of the choice. 
Speedline insert flanges eliminated costly back 


welding. Exclusive design features of Speedline 
tees, aligning connectors, reducers and elbows 
reduced installation time. Every joint proved 
100% leak-proof! 


Three years of trouble-free service has earned 
for Speedline Fittings the complete satisfaction 
of Shawville’s plant superintendent. 


There are other piping design and assembly 
advantages possible only with Speedline Fit- 
tings. Get the complete facts for your application 
by writing for a copy of 
“Speedline Fittings’ today. 
Or discuss your require- 
ments with the Speedline 
representative nearest you. 


STAINLESS STEEL FITTINGS 
THE NEWEST THING IN PIPELINE ECONOMY 


@rec. ™ 


SPEEDLINE DISTRIBUTORS ARE LOCATED IN PRINCIPAL CITIES FROM COAST TO COAST 


Manufactured by HORACE T. POTTS COMPANY « 568 E. Erie Avenue e Philadelphia 34, Penna. 
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GOLDEN GENIE 


TEMPERATURE REGULATOR 


Self-actuated 
Vapor Pressure Type 


Emergency manual 
control override 


Accurate temperature 
adjustment 


. . » precision control at your command! 


Modern design and skilled craftsmanship are 
combined in the new Klipfel Golden Genie to 
assure accurate, positive, low cost temperature 
control. Featuring strong, long lasting 2-ply 
bellows, it operates at higher working pressure 
with smaller bulb, develops more power for 
valve actuation. 


Rugged 2-ply Double Wall Bel- 


lows .. . Vapor pressure cup con- 
For full details on the Golden Genie and the 
complete line of Klipfel Valves, write to Cannot be over-extended. High 


Dept. A-9. pressure small bulb operation de- 
velopes power. 


VALVES INC. 


Division of Hamilten-Thomas Corp. 
Hamliten, Ohio 


Export Dept.—1010 Schaff Bidg. 
Philadeiphia, Pa. 
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MORE OF THE GARLOCK 2,000 


More Stuffing Box Maintenance! 


. Stationary Seat of ceramic, Ni 
Resist, or bronze has precision 
lapped sealing face for perfect con- 
tact with carbon ring. 

. Vibration Ring of Buna-N posi- 
tions stationary seat in a flerible 
mounting and acts as static seal. 


. Seal Ring of carbon is also pre- 
cisely lapped to match sealing face 
of stationary seat, 
Roll type Bellows permils free 
movement of seal ring. 
Shell, encases entire rotary unit THE GARLOCK PACKING COMPANY, Palmyra, N. Y. 
and furnishes mechanical drive 
Sor seal ring. For Prompt Service, contact one of our 30 sales offices and warehouses throughout the U.S. and Canada. 


Ff. Stainless Steel Spring with 


load precisely calculated to face 
area of seat. 
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Package Seals 
Your Present 


@®@ ELIMINATE LEAKAGE AND 
SHAFT WEAR 


REDUCE DOWNTIME 


eCUT MAINTENANCE COSTS 


When leakage and maintenance are serious 
problems in the operation of your pumps you'll 
find a perfect answer in Garlock MEcHANIPAK* 
Seals. Installation on new or existing equip- 
ment is simple. And, several designs are availa- 
ble to meet a variety of operating conditions: 
pressures to 150 psi, temperatures to 212° F., 
and shaft speeds to 2000 feet per minute. Sizes 
for shafts from 34” to 3” diameter for sealing 
against water, oils, alcohol, mild acids and 
solvents, 


MEcHANIPAK Seals are another important part 
of “the Garlock 2,000” . . . two thousand dif- 
ferent styles of packings, gaskets and seals for 
every need. It’s the only complete line .. . 
that’s why you get unbiased recommendations 
from your Garlock representative. Ask him for 
complete data on this long-life, maintenance- 
free Mecuanipak Seal. Or write for Folder 
AD-150. 


*Registered Trade Mark 


Packings, Gaskets, Oil Seals, Mechanical Seals, 
Rubber Expansion Joints, Fluorocarbon Products 
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TYPE 1551. Cast Bronze Body. For 
package-type and fire tube boilers, . 
air tanks and other classes of un- : 
fired pressure vessels. Sizes: %” : 
through 3”. Pressures: up te 300 psi. . 
Temperatures: up to 450° F. ; 


Get protection you can be sure of — whatever your working pressure. 
Specify Consolidated Safety Valves. Thousands of installations, in both 
large and small steam generating plants, attest to their complete reliability 
under all types of service conditions. 


Many Consolidated Valves, with bronze body, are widely used for steam, 
air and water service; many more are installed in power plants as auxili- 
aries to Consolidated Steel Safety Valves. The cast iron and steel types 
are proving their dependability daily on low pressure boilers and those 
operated at super-critical pressures. The five different Consolidated Valves 
pictured here are representative types but the line is so complete, proper 
selection is no problem. 


Consolidated Safety Valves are ruggedly built for long service life. Each 
type incorporates the fewest possible working parts for greatest efficiency. 
Precision craftsmanship assures positive, tight closing after operation. 
Through skillful engineering, valve adjustment and maintenance are 
made simple and easy. All these essentials contribute to outstanding per- 
formance, safety and economy. 

TYPE 1511. Cast Iron Body. An all- 
purpose safety valve for steam gen- 
erator service. Cuts cost per pound 
of steam discharged. Sizes: 11/2” 
through 6”. Pressures: up to 250 psi. 
Temperatures: up to 450° F 


Just send us details of your particular service requirements and you will 
receive correct valve recommendations. Or 
write for Catalog 700A. 


MAXIFLOW. Cast Carbon Steel or 


Cast Alloy Steel. A safety valve 
with the greater discharge capacity 
and shorter blowdown demanded by 
high pressure, high temperature 
steam generators. Sizes: 11/2” through 


ELECTROMATIC. Carbon Steel or Alloy Steel. An elec- 

trically actuated relief valve for boiler service. Operable 

automatically, manually or cut out of service by setting 

remote control switch. Supplements spring-loaded safety 

valves — conserves power and increases efficiency of 
steam generating plants. Sizes: 21/2” 
through 14”, Pressures: up to 2500 4”. Pressures: up to 2500 psi. Tem- 
psi. Temperatures: up to 1100° F peratures: up to 1050° F. 


TYPE 1415. Cast Steel Body. For 
water tube boilers, mechanically 
fired fire tube boilers, accumulators, 

~ unfired pressure vessels and pipe- 
lines. Sizes: 1/2” through 6”. Pres- 
sures: up to 900 psi. Temperatures: 
up to 900° F, 
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In Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario. 


CONSOLIDATED Y VALVES 


MAXWELL 


A product of MANNING, MAXWELL & MOORE, INC. sTRATFORD, CONN. 


_ MAKERS OF ‘AMERICAN’ INDUSTRIAL INSTRUMENTS, ‘ASHCROFT’ GAUGES, CONSOLIDATED SAFETY VALVES, ‘AMERICAN. 
MICROSEN’ INDUSTRIAL ELECTRONIC INSTRUMENTS, Stratford, Conn. ‘HANCOCK’ VALVES, Watertown, Mass. ‘CONSOLIDATED’ 
SAFETY RELIEF VALVES, Tulsa, Okla. AIRCRAFT CONTROL PRODUCTS, Danbury & Stratford, Conn. and Inglewood, Calif. “SHAW- 

* BOX’ AND ‘LOAD LIFTER’ CRANES, ‘BUDGIT’ AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES, Muskegon, Mich. 


MANNING 
= 
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Wheeler-Economy Pumps 


replacement of major parts! 


have operated for 35 years without 


Countless Wheeler-Economy 
Pumps purchased in the 
early ’20s are still operating 
efficiently and dependably! No 
major parts have been replaced, 
and only routine maintenance 
has been necessary. 


For the utmost in reliability, 
efficiency, long life and trouble- 
free pump performance, see 
your representative or write 
direct for information on the 
complete Wheeler-Economy line. 


GENERAL SERVICE SUMP PUMPS for fast, 
automatic drainage of boiler, scale and elevator 
pits, basements or applications requiring the 
removal of solid-free tiquids. Lubricated-tor-life 
bali bearings, bronze impellers. Sizes: 14”, 2” 
and 3”. Capacities: 10-200 gpm. Heads to 85 ft 


GENERAL SERVICE PUMPS are designed for 
hot-and-cold-water pumping, brine circulation, 
air conditioning and sprinkler systems, boiler 
feeding. Protected against dirt and water, easy 
accessibility, perfect alignment. Sizes: %”-3” 
Capacities to 500 gpm, heads to 225 ft 


DOUBLE-SUCTION PUMPS for horizontal or 
vertical mounting. Bronze impeller ; ball bearings; 
precision ground alloy steel shaft. For municipal 
and industrial water supply, booster service, 
hotwell, condensate or makeup. Sizes: 14”-54” 
Capacities: 50-100,000 gpm. Heads to 300 ft 


NON-CLOG SUMP PUMPS for heavy-duty 
drainage, underpass service and sewage disposal 
Ideal for industrial and municipal lift stations 
These pumps have enclosed, non-clog impellers 
with wide waterways. Sizes: 3”-14”. Capacities: 
20-4000 gpm at heads to 160 ft. 


VERTICALLY SPLIT-CASE MULTI-STAGE 
PUMPS are made for clear-liquid pumping 
general water supply, boiler feeding, ice water 
and brine circulation, pneumatic water systems, 
etc. Hand-finished impellers. Sizes: 14%7-1%” 
Capacities: 10-200 gpm. Pressures to 300 ibs 


AXIAL AND MIXED FLOW PUMPS, in hori- 
zontal and vertical designs, for flood control, 
Primary water supply, industrial process work, 
drainage, etc. High-capacity, low-to-medium 
heads. Standard or pull-out construction. Sizes 
8”-72”. Capacities: 5000-220,000 gpm and over 


HORIZONTAL NON-CLOG PUMPS Paper 
mills, reduction plants, sewage disposal plants, 
laundries, etc., prefer these units for unscreened 
liquids, sewage or pulp. Non-clog impeller, bail 
bearings, renewable shock absorber. Sizes 
3”-24”. Capacities: 40-5000 gpm. Heads to 160 ft 


HORIZONTALLY SPLIT MULTI-STAGE 
PUMPS for heavy-duty, continuous service. 
Applications: high-pressure water supply, boiler 
feeding, booster service, irrigation, etc. Cases 
Protected against erosion. Sizes: 2”-10”. Capaci- 
ties: 100-4000 gpm. Heads to 750 ft 


VOLUTE PUMPS OF MIXED FLOW OR NON- 
CLOG DESIGN are ideal for many pumping 
applications including: screened sewage, for drain- 
age, irrigation, flood control and industrial water 
supply. Horizontal and vertical designs available 
Sizes: 12”-48”. Capacities: 3000-100,000 gpm 


WHEELER-ECONOMY VERTICAL NON- 
CLOG PUMPS in Open-Shaft and Sentry types 
for dry pit installations. Many engineering ad- 
vancements bring higher pump efficiency, iower 
maintenance costs. Service, performance data 
and sizes same as Horizontal Non-Clog Pumps 


HAVE A SPECIAL 
PUMPING PROBLEM? 
See your Wheeler-Economy 
representative or write 
direct to C.H. Wheeler for 
expert engineering 
advice. 


Economy Pump Division 


Wheeler Mfe. Co. 


Vacuum Equipment e 


797TH & LEHIGH AVENUE 
PHILADELPHIA 32, PA. 


Centrifugal, Axial and Mixed Flow Pumps e Steam Condensers Marine Auxiliary Machinery e Nuclear Products 
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Hedge 
When You Buy 


Maintenance costs can gobble up your savings in a few months! 


LUNKENHEIMER QUALITY is no longer a 
luxury—it’s your vitally needed insurance 
against today’s sky-high maintenance ex- 
pense. Labor rates are going still higher... 
“‘downtime’”’ costs are multiplying . . . re- 
pair charges are rocketing up—with no 
relief in sight. Today, it pays to buy the 


best valves you can get, with no hedging on ~ 


quality. Your purchase of Lunkenheimer 
Steel Valves is an investment that pays 


STEEL *BRONZE *IRON 


LUNKENHEIMER 


worthwhile dividends in maintenance sav- 
ings ... year after trouble-free year. The 
Lunkenheimer Company, Box 360, Annex 
Station, Cincinnati 14, Ohio. 


The cost of a LUNKENHEIMER VALVE 


Gets smaller...and smaller. ..and smaller... 
with each passing year af dependable service 


A check on the cost of maintaining your 
cast steel valves will prove this point. 


L-1086-2 
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Treatment 
Specialists 


FOR FIFTY YEARS 


Hot Process Softeners ¢ Deaerating Heaters 
Cold Process Softeners and Clarifiers 
Demineralizers e Zeolite Softeners 

Hot Zeolite Softeners Filters 

Continuous Boiler Blowdown Equipment 
Dealkalizers 


WRITE FOR GENERAL BULLETIN WC-117 
AND SPECIFIC BULLETINS 


Industrial Department I-211 


GRAVER 
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® GRAVER WATER CONDITIONING CO. 
Division of Graver Tank & Mfg. Co., Inc. 


216 West 14th Street, New York 11,N. Y. 
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LINES OF WALWORTH VaLves 


POWER PLANT SERVICE 


Featuring Walworth Pressure-Seal Valves 


Here are cast steel valves built for high-pressure, high- 
temperature service. The unique bonnet-to-body design 
utilizes internal line pressure for a tight, leakproof con- 
nection. The higher the pressure the tighter the bonnet 
joint! Bulky, heavy bonnet flanges, bonnet studs, and 
nuts are completely eliminated providing a modern 
valve design of truly streamlined proportions. Mainte- 
nance is simplified as Walworth Pressure-Seal Valves 
are easily assembled, disassembled, and insulated. 

Walworth Pressure-Seal Valves are available in Series 
600, 900, 1500, 2500, and in a wide range of sizes and 
types. Complete information is available from your 
nearby Walworth Distributor —or—write Walworth for 
for a free copy of Circular 16. 


and including these valves for ‘' ’round-the-plant’’ use! 


WALWORTH SMALL CAST STEEL Y-GLOBE 
VALVES, Simplified design eliminates many 
of the problems encountered in high-tem- 


WALWORTH IRON BODY GATE VALVES. 


perature, high-pressure service. No bonnet 
joint. Improved back-seat design means 
longer life for packing rings. 


WALWORTH LUBRICATED PLUG VALUES. Easy 
turning quick operating. Lubricant can be 
renewed while the valve is in service. Lubri- 
cant completely surrounds the plug ports 
for a tight seal against leaks. R ber, 
always use Walworth Lubricant in Walworth 
Lubricated Plug Valves. 


WALWORTH BRONZE VALVES. Standardized 
lines of bronze valves provide an unsur- 
passed system of interchangeability of 
parts, drastically reducing inventory prob- 
lems. Walseal Valves with brazing ends also 
available in a variety of types. 


Straight-flow port design reduces fluid turbu- 
lence to a practical minimum. Seat rings of 
end-seated type are screwed into the body. 
Brass liner on glands assures greater resis- 
tance to corrosion and scoring. Available 
with threaded or flanged ends. 


WALWORTH CAST STEEL GATE VALVES. Bolted 
bonnet, wedge gate, OS&Y. Bonnets and 
bodies are engineered to withstand pressure 
and minimize distortion. Heavy steel walls 
provide extra strength and longer life. Deep 
stuffing boxes in all sizes (2 to 24”) insure 
tightness and maximum packing life. Also 
available in globe and angle types. 


WALWORTH 


Manufacturers since 1842 


valves ... pipe fittings . . pipe wrenches 
60 East 42nd Street, New York 17, N. Y, 


WALWORTH also offers Plastic Valves, Fit- 
tings, and Pipe of polyvinyl chloride, moulded 
to Walworth’s specifications by General 
American Transportation Company of B. F, 
Goodrich Chemical Company Geon! 


Walworth Company of Canada, Ltd., Toronto 
DISTRIBUTORS IN PRINCIPAL CENTERS THROUGHOUT THE WORLD 
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FOR BOILER FEED SERVICE ~ 


City of Pasadena (Calif. 
Florida Power & Light 

New Orleans Public Service 
Mississippi Power Co. 

Georgia Power Co. 
Pennsylvania Power Co. 
Owensboro Public Utilities (Ky.) 
Baltimore Gas & Electric Co. 
City of Los Angeles 

Dept. of Water & Power 
Southern California Edison Co. 
Mississippi Power & Light 

City of Glendale (Calif.) 
Houston Power & Light Co. 


BENEFIT FROM THIS EXPERIENCE! 


Lower cost per KW .. . that’s the money-saving benefit of BJ Me- 
chanical Seals for high pressure boiler feed pumps. These efficient 
seals save BTU’s by minimizing feed water (and heat losses) along 
the shaft. Additional big savings are realized by eliminating costly 


repacking maintenance. 


Byron Jackson pioneered the first successful seals for high pressure 
service . . . and continues to demonstrate this leadership with more 
installations for a constantly growing list of major power companies. 
Benefit from the experience of these and other companies . . . specify 


BJ Mechanical Seals and save! 


INCORPORATED 
A subsidiary of Borg-Warner Corporation 
P.O. BOX 2017A TERMINAL ANNEX, LOS ANGELES 54, CALIF. 
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Forged Steel. Shot Blasted. All Phoenix : Spot faced belting surfaces, exire fine 
flanges meet full A.S.A. specifications — 3 ; facings, accurate threading and a pro- 
carbon steel and alloy —_ “a tective coating are typical of Phoenix 


quality. 


¢ Precisely machined welding bevel. 


The long life and precision workmanship you have a right to ex- 
pect in the flanges you buy are assured when you order Phoenix 
forged steel flanges. You simply can’t buy a better flange! It 
costs no more for Phoenix quality and service. That’s why it’s 
always worthwhile discussing your pipe flange requirements with 


Special facings, bores, drilling, thread- the Phoenix representative. 
ing and special machining available. 


A serrated gasket surface finish 
¢ is standard on all Phoenix flanges Write for handy 36 page 
with raised facings. pocket-size reference book- 


let containing useful data 
on flanges. It’s FREE! 


FLANGE AND FORGING DIVISION 
PHOENIX MANUFACTURING COMPANY 


CATASAUQUA, PA. + JOLIET, ILL. >» FOUNDED 1882 


Integrated Manufacturing Facilities: FLANGE AND FORGING DIVISION, STEEL MILL DIVISION, 
HORSESHOE PRODUCTS DIVISION, RUBBER PRODUCTS DIVISION, OIL AND GREASE SEAL DIVISION 
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One of a series. 


Some Things to Think 
About Steam Traps 


...in order to get high operating efficiency 


The gentleman who invented the 
wheel had a basic idea and so far 
no one has come up with anything 
better for the purpose. 

If you'll pardon us for a little 
overemphasis on the significance 
of steam traps, we’d like to liken 
one of them to the wheel. 

In 1911, when the first Arm- 
strong inverted bucket steam trap 
model was announced to the world, 
or at least that part of the world 
that modest advertising and sales 
budgets would cover, it was not 
received with equal enthusiasm 
by all (especially old-style trap 
makers). But, like the wheel, it 
managed to find its way into gen- 
eral use. And, nothing better has 
ever turned up for the purpose of 
draining condensate. As a matter 
of fact, the Armstrong trap has 
been very widely copied. Today, 
there are more inverted bucket 
traps draining process equipment 
than any other kind. Of these, 
there are more Armstrongs. 

If this sounds like the boasting 
of a proud parent, give considera- 
tion to some fundamental require- 
ments not met by all traps: 


1. A steam trap should not leak 
steam. Some traps do, you know, 
because of the nature of their op- 
erating principle. No steam ever 
gets to the Armstrong trap orifice. 
The valve is always water sealed. 


2. A steam trap should vent 
“air” as fast as it accumulates— 
otherwise temperatures are re- 
duced and corrosion is a problem. 
The Armstrong trap handles air 
very nicely. The vent in the buck- 
et permits air to accumulate in the 
top of the trap, from where it is 
discharged when the trap opens. 
For extreme conditions like drain- 
ing paper machine dryers, some 
jacketed kettles and certain other 
units, the vent is sized larger for 
the job. And, for handling big vol- 
umes of air during warm-up, a 
bucket with an auxiliary thermic 
vent really speeds up heating. 


3. A steam trap should dis- 
charge condensate at steam tem- 
perature if you want to get 


and a minimum of maintenance 


Trap closed. Steam has floated in- 
verted bucket: valve is held tightly 
closed by system pressure. Air enter- 
ing trap passes through bucket vent 
and accumulates at top of trap. 


steam 
convensate 


Trap open. Condensate entering 
trap has caused bucket to lose buoy- 
ancy. Weight of bucket times lever- 
age pulls valve open. Air is dis- 
charged along with condensate. 


maximum efficiency from the unit 
drained. And most people certain- 
ly do. If you have to wait for the 
condensate to cool, it’s almost im- 
possible to maintain maximum 
temperatures and prevent air 
build-up. You guessed it—the 
Armstrong trap opens for water, 
without dependence on tempera- 
ture. 


4. A steam trap should be suit- 
able for any return system. The 
Armstrong trap works just the 
same whether discharging to at- 
mosphere, back pressure or vac- 
uum. It has been conclusively 
proved that flash steam resulting 
from use of a bucket trap does not 
cause a problem in vacuum return 
systems. The flash condenses rap- 
idly. It’s the leaky traps that cause 
the headaches. 


5. A steam trap should not be 
a “prima donna’. Some kinds of 
traps take an awful lot of care and 
coddling. The Armstrong trap is 
a rough and ready type with a 
hardened chrome steel constitu- 
tion (valve and seat, to be exact). 
It cleans itself of ordinary dirt and 
scale without choking up. Its 18-8 
stainless parts stave off rust and 
corrosion. It resists wire-drawing 
and wear remarkably well. In fact, 
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it stays on the job longer with less 
attention than any trap ever pro- 
duced. Unless you live in Siberia, 
you can probably find a user 
around the corner who will tell 
you so from experience. 


6. A trap should not be an 
“orphan”. With Armstrong traps 
you can always get prompt service 
and parts from nearby Factory 
Representatives and stocking dis- 
tributors as well as from the fac- 
tory. 


7. A trap should have a guaran- 
tee. The Armstrong trap is uncon- 
ditionally guaranteed to give you 
complete satisfaction (as to doing 
its job, that is). If it doesn’t, you 
can get your money back. 

If you’d like to buy some of 
these excellent steam traps, call 
your local Armstrong Representa- 
tive or write Armstrong Machine 
Works, 8129 Maple St., Three 
Rivers, Michigan. 

ASK FOR the 44-page Steam Trap 


Book, free on request without ob- 
ligation, 


ARMSTRONG 
STEAM TRAPS 
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Oak Creek Station of Wisconsin 
Electric Power Co. uses 4 Pratt 
72” Rubber Seat Butterfly Valves 
in pump discharge service. 


MILWAUKEE...Pratt Butterfly Valves offer 
“two valves in one” for pump discharge 


Pratt Rubber Seat Butterfly Valves in pump discharge service can be 
made to open and close in synchronization with pump operation, AND 
they close drop tight—combining, in a single valve, the functions normally 
achieved by separate shutoff and check valves. The simple combination 
of disc, shaft and efficient closure provides years of dependable 
performance without maintenance problems. 


Pump discharge valves at Oak Creek Power Plant are hydraulically 
operated with oil motors. The electro-hydraulic system includes a bank of 
accumulators and complete auxiliary manual controls to permit operation 
under any emergency condition. 


Pratt pioneered the use of rubber seat butterfly valves in power plants, and 
today offers the greatest aggregate experience on butterfly valving in 
the power field. For valve design—with imagination —see Henry Pratt. 


Have you sent for your copy?...of Pratt's 40 page 
Manual of Rubber Seat Butterfly Valves. Useful—con- 
tains latest pressure drop and flow data, conversion tables, 
butterfly valve theory and application. CATALOG B-2K 


Henry Pratt Company, 2222 S. Halsted 


Felix Kazmerchak, Ass't. Plant Engineer, and 
Ray F. Egebrecht, Pratt Representative, 


Interior of hydraulic control cabinet. 


Valves 


{ 


St., Chicago 8, lll. Representatives in principal cities 
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BRINELL 
DURACASE TRIM... 


Stops galling and erosion 


Since the introduction of OIC’s Duracase 
Trim, many forged steel valve specs are obso- 
lete. This 13% chrome stainless steel trim with 
1000 Brinell, case-hardened wedges and discs 
assures positive protection against even the 
simultaneous attack of the three valve-destroy- 
ing agents—corrosion, erosion, galling. 


OIC offers you a choice of two modern 
body-bonnet connections—union ring or 
bolted bonnet — on its entire forged steel gate, 
globe, angle, and check valve line. 


In addition, gate valves offer a choice of 
standard-flow or high-flow body ports, both 
with 1000 Brinell wedges. 


Step up your valve requirements to the 


modern high-quality standards reflected in OIC f ew 
valves. Include OIC on your next specification. ~~ 
For OIC forged steel valve specification \ ) + 


literature, write for Forms No. 195 and 195-R. 


THE OHIO INJECTOR COMPANY #« WADSWORTH, OHIO 


A LV R S FORGED & CAST STEEL, LUBRICATED 
PLUG, BRONZE & IRON VALVES 
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Since the days when a 300 pound 
steam valve was considered an 
important development, the 
Valve Industry has added many 
higher standard pressure ratings. 
New and special valves have also 
been developed and built by 
Chapman, including primary 
coolant valves for the Nautilus; 
Mark I and II; AlW and S5W 
Valves for the first large ship 
reactors; valves for the Dresden 
reactor; and many others. 


Chapman Valves 


for the 
Power Industry 


Cross section of special Chapman Valve 

of the type used on the primary coolant loop of 
the first atomic submarine, the Nautilus. 
Operates at 2000 lb. pressure at 600°F. 


Chapman Valve, since its organization in 1875, has kept in step 
with developments in the Power Industry; meeting promptly and 
efficiently the demands for valves to withstand increased pressure 
and temperature specifications. The Chapman line today covers 
a complete standard range to 2500 lb. and special designs for 
super-critical pressures. 

Keeping pace with the Power Industry . . . keeping pace with all 
industries . . . has kept Chapman alive and aggressive. Every 
phase of manufacturing is under close supervision. Chapman 
foundries manufacture its casting requirements under technical 
supervision with results checked by a million volt x-ray machine 
to insure a maximum quality product. All Chapman equipment 
and operations are designed to meet exacting demands with valves 
that give top performance with the lowest maintenance cost. 


The CHAPMAN Valve Manufacturing Co. 


INDIAN ORCHARD, MASSAGHUSETTS 
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three-way 
saving in your 
piping dollars 


When you specify TuBE-TURN* products, 
you are sure of getting the exact fittings for 
your job because the Tube Turns’ line is the 
world’s most complete ... you save engineer- 
ing time. Your welders can work faster 
because fittings are completely identified and 
perfectly uniform ... you save construction 
time, You can buy all your fittings with one 
order from your nearby Tube Turns’ Distrib- 
utor... you save purchasing time. Are you 
getting these savings in piping costs? 
*TUBE-TURN” and “tt” Reg. U. S. Pat. Off. 


The Leading Manufacturer of 
Welding Fittings and Flanges 


TUBE TURNS 


LOUISVILLE 1, KENTUCKY 
A DIVISION OF NATIONAL CYLINDER GAS COMPANY 


installation of aluminum pF 
handling ammonium nitrate. 4 DISTRICT OFFICES: New York © Philadelphia * Pittsburgh © 
a Chicago * Detroit * Atlanta * New Orleans * Houston © 
Midland * Dallas * Tulsa * Kansas City * Denver * Los Angeles 
* San Francisco * Seattle. IN CANADA: Tube Turns of Canada 
Ltd., Ridgetown, Ontario * Toronto, Ontario * Edmonton, 
Alberta * Montreal, Quebec. 


OTHER APPLICATIONS SHOWN ON REVERSE SIDE > 


3 


You save manhours with the line of 
12,000 TUBE-TURN products 


LIQUID SUGAR. Part of welded aluminum piping system for proc- “A-POWER.” These TUBE-TURN Aluminum Elbows are for nuclear 
essing of liquid sugar. When you specify TUBE-TURN* products, swimming pool reactor water-coolant lines. Tube Turns’ experienced 
you can count on getting the right type, size, schedule and material engineering service helps you solve piping problems of all kinds. 
for every piping service. Saves engineering manhours, Contact your nearby Tube Turns’ Distributor or District Office. 


OLEIC ACID. These welded aluminum lines for oleic acid REFINERY CATALYST is handled by PURE WATER. Passive aluminum 
storage show how this strong but lightweight construc- this aluminum piping, equipped with piping guards against contamina- 
tion can be utilized for corrosive service. Your nearby TUBE-TURN welding fittings and tion in this water purification 
Tube Turns’ Distributor can give you complete-line service flanges. Uniformity of TUBE-TURN plant. You can buy a// your fittings 
promptly ...to help you save purchasing time. products saves construction manhours with one order when you specify 
TUBE-TURN products. 


BOOKLET new Tube Turns’ 
catalog gives helpful information on aluminum — 
pips, fitting and flange meterials. Mail the — Available from your 


nearby 
TUBE TURNS’ 


Distributor *TUBE-TURN" and “tt” 
Reg. U.S. Pat. Off. 


TUBE TURNS, Dept. C-7 . 
224 East Broadway, Louisville 1, Kentucky 
Please send free copy of new catalog on Aluminum Fittings 


and Flanges. LOUISVILLE 1, KENTUCKY 
Cine ane... A DIVISION OF NATIONAL CYLINDER GAS COMPANY 


DISTRICT OFFICES: New York * Philadelphia © Pittsburgh ¢ 
Company Address— P Chicago * Detroit * Atlanta * New Orleans * Houston * 
Midland © Dallas * Tulsa * Kansas City * Denver * Los Angeles 
* San Francisco * Seattle. IN CANADA: Tube Turns of Canada 
Ltd., Ridgetown, Ontario * Toronto, Ontario * Edmonton, 
Your Name _ Alberta * Montreal, Quebec, 


Zone___State 


Position 
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The power field today and tomorrow VI 


Tomorrow’s equipment for 


Heat 


EXCHANGE 


Shell and tube exchangers (pp B’300-304) handle more 
jobs with new designs, materials, methods of construction 


Evaporators will produce top-quality water to meet demands 
of tomorrow’s high-pressure and nuclear power plants 


Condenser size takes giant strides to match turbine growth. 
Look for more welded tube joints to avoid leakage 


Evaporative cooling. There’s a rapidly expanding market 
for both cooling towers and evaporative condensers 


Space heating, cooling stress better materials, advances 
in heat-transfer theory. Solar heating is still far off 
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feedwater heating 

turbine-exhaust condensing 

producing high-quality water 

fuel-oll heating 

lubricating-oll cooling 

compressed-air and gas cooling 

reclaiming heat from blowdown, other wastes 
®@ engine cooling 
@ transformer-oil cooling 


Shell and tube exchangers 


Feedwater heaters for high- 


pressure service will get more 


design refinements. Look for 


an increase in all-welded con- 


struction with tubes welded 


to tube sheets 


Biggest problem facing designers is how to build 
feedwater heaters for tomorrow’s large high-pres- 
sure power plants. Today’s high—in the range of 
3600 psi at 700 F—is dwarfed by stations under 
construction that have heater pressures as high as 
6500 psi. Steady climb in pressure and tempera- 
ture points up importance of highly reliable heat- 
transfer equipment. So additional investment for 
better heaters should not be too hard to justify. 


Heater design 

Most noticeable trend is increased use of welded 
construction. Techniques are already advanced far 
enough to produce welded joints that are strong, 
ductile, leakproof and corrosion resistant. Impor- 
tant adjunct to this trend is improved quality con- 
trol. Use of X-ray inspection equipment is com- 
mon. When it isn’t used, code requirements are 
more rigid. 

Older feedwater heaters were straight-tube type 
with either stationary or floating head. This called 
for two high-pressure joints in addition to the usual 
head and rear-end enclosures. But high-pressure 
heaters with gasketed enclosures are hard to keep 
tight and costly to maintain. Where possible, these 
joints are being removed in new designs. 

U-tube construction is practically standard for 
feedwater heaters. By welding the rear-end en- 
closure, and omitting one tube sheet, this design 
eliminates two high-pressure joints. 
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Welding tubes to the tube sheet removes another 
joint. With this development, the only remaining 
flanged connection is on the water head. 

One interesting new design omits this last flange 
by using a spherical waterbox welded to the heater 
shell. Access is through a manhole. During opera- 
tion the manhole is sealed by internal water pres- 
sure in the unit. Other ingenious designs are also 
available. 

Is all-welded construction the whole answer for 
trouble-free feedwater heaters? Some experts feel 
that more trouble can be expected from tube-wall 
failures. It is comparatively easy to overlook one 
small tube defect during hydraulic testing. In serv- 
ice, the high jetting action of escaping water can 
destroy eight or ten adjacent tubes. Heater water 
head and shell must be opened to either replace or 
repair the tube bundle. On an all-welded unit this 
is not easy. Heater shell must be cut open and 
the rewelded shell stress-relieved locally. But ma- 
jority of experts feel that cutting and rewelding 
isn’t a major drawback. In fact, one manufacturer 
has expressed confidence in welding techniques by 
revealing plans to eliminate rolled joints on all 
heaters over 1500 psi. 


Drain coolers 

Tomorrow’s power-plant practice will still call for 
drain coolers on high-pressure heaters. Main ad- 
vantage is a definite improvement in the heat rate. 
They also reduce flashing of condensate, cutting 
down erosion of valves and piping. Some engineers 
prefer the full-pass drain cooler to the full-length 
type. Full-pass unit is tricky to design but it does 
reduce overall heat-transfer surface by 5%. 


Desuperheating sections 

For top heater efficiency, superheat in the incoming 
steam is used to get a further increase in feedwater 
temperature. Superheated steam is brought in con- 
tact with the last pass of heater tubes. Feedwater 
is brought to a temperature corresponding to steam 
pressure in the unit. 


Heater size 
Largest total surface area in a single feedwater 
heater last year was about 12,000 sq ft. Many 
experts feel that the point has been reached where 
a parallel line of half-size heaters is called for. 
This line of reasoning has an economic basis. 
For example, two 2000-sq-ft heaters are 15% 
greater in cost than a single 4000-sq-ft unit. This 
differential decreases with size. Two 5000-sq-ft 
heaters are only 3 to 5% higher than a 10,000-sq- 
ft unit. With a parallel hookup, each heater does 
not need a separate set of by-pass piping and 
valves. One whole circuit at a time is by-passed. 
When these savings in by-pass piping are in- 
cluded, the parallel arrangement has a definite 
economic advantage. In spite of this, some experts 
believe advances in heat-exchanger design will 
make a single line of equipment more economical. 
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Tubes weided to tube sheet, percent 


Use of Monel tubes, percent 


All-weilded construction, percent 


Trends in high-pressure 
feedwater-heater design 


100 


WELDED-TUBE-to-tube-sheet practice is 
gaining wider acceptance, even though 
many still prefer the rolled-joint method 


| 
, 
50 
| 
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1950 1960 1970 


MONEL may become the favorite tube 
material in the near future. Increase 
in its use hinges on improved availability 


100 


so 


| 
1950 1960 1970 


ALL-WELDED DESIGN insures tight heater 
construction and reduces costs. So 
watch for future increase in its use 


é 
50 
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Material 


Composition 300 F 


Tomorrow’s choice of heat-exchanger tube materials 


Allowable stress, psi tn 
400 F 


Thermal 
conductivity 


450 F 500 F 600 F 700 F Btu/sq ft/in/hr F* 


Inhibited admiralty 
Arsenical copper 
Cupro-nickel (90-10) 


71% Cu, 28% Zn,1% Sn 10,000 
0.35% As, balance copper 5000 
88.7% Cu, 10% Ni, 1.3% Fe 9300 


Cupro-nickel (80-20) 80% Cu, 20% Ni 10,300 
Cupro-nickel (70-30) 70% Cu, 30% Ni 10,800 
Aluminum brass 76% Cu, 22% Zn,2% Al 12,000 
Aluminum bronze (5%) 95% Cu, 5% Al 11,600 
Red brass 85% Cu, 15% Zn 8000 
Aluminum 1.2% Mn, balance Al 7200 
Carbon steel 06% to .18% carbon 15,000 
Low-alloy steel 2%4% Cr, 1% Mo 15,000 
Stainless steel (316) 16-18% Cr, 11-14% Ni 17,900 
Monel 67% Ni, 30% Cu 17,000 


8300 7500 6000 — 264 
9600 9300 8400 7000 252 
10,100 9900 9600 9. 204 
2000 — — — 696 
4000 2000 552 
15,000 15,000 15,000 14,350 340 
15,000 15,000 15,000 15,000 325 
—_— 17,200 17,100 17,050 120 
17,000 17,000 17,000 16,500 180 


Wider variety of materials 
will compete for future ex- 
changer service. Tubing sur- 


face will take on new forms 


More low-pressure heaters will be found in the 
condenser neck. This doesn’t have any advantages 
from a thermodynamic angle; but there’s a saving 
in space and piping. Extraction steam piping is 
carried integral with the turbine over to the heater. 
Condensate drops directly to the hotwell or is 
pumped out to an intermediate heater. 

Some experts feel this trend will soon come to 
a halt. They point out that (1) the turbine must 
be shut down to get at either heaters or extraction 
piping and (2) the maze of equipment and piping 
in the condenser neck causes as much as 0.5 in. Hg 
pressure drop. This further complicates the prob- 
lem of condenser design. 

While there will be more refinements in heater 
construction, the overall aim will stress simplifica- 
tion. Fewer joints and parts mean fewer spots for 
trouble and maintenance. 

There isn’t any discernible movement to more ex- 


* at ambient temperature 


changer standardization. Too many special needs 
make it impractical in the power plant. Quick 
delivery and a somewhat lowered price don’t out- 
weigh the advantage of an exchanger designed to 
meet an exact set of operating conditions. 

Monel and cupro-nickel are alternate choices for 
tomorrow's high-pressure heater tubing. But the 
trend to higher pressure definitely favors monel. 
Table, above, shows that it has greater allowable 
stresses, so thinner tubing can be used. If the 
difference in thickness is at least one or two gage 
numbers, monel has a cost edge. We'll see an 
increased use of monel if availability is improved. 

Inhibited admiralty tubing holds sway for low 
pressures. But if copper prices keep dropping, look 
for more use of arsenical-copper. 

Trend to welded joints has not yet carried over 
to the low-pressure field. Rolled joints are still sat- 
isfactory on both a cost and performance basis. 
But there’s still the possibility that welded joints 
will be a factor in future low-pressure designs. As 
automatic welding techniques are perfected, weld- 
ing cost will drop. It may decrease to the point 
where it can compete with rolled-tube joints. 

If this trend runs to completion in the power 
plant, we could have a single weldment for the en- 
tire feedwater system. 

Operating pressures in the process industries are 
much lower, so leakage is not as big a problem. 
More important considerations are corrosion re- 
sistance and low initial cost. Tube-bundle re- 
placement must be quick and easy. Here, bolted 
construction usually fills the bill. Welded tube-to- 
tube-sheet connections will not enter the picture 
unless a decided cost advantage develops. 
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Type of surface 


Future heat-transfer surfaces take on new shapes 


Advantages 


Disadvantages 


Bare tubes 


@ Primary coolant can be in either shell 
or tube 


Design can be crossflow, longitudinal 
flow or a combination of both 


@ High cost of tube surface is hard to 
justify for gas service, unless gas film 
heat-transfer coefficient is high 


Perpendicularly finned tubes 


Fin surface is less expensive than 

prime surface 

e@ Fins can be made of less expensive 
material than containment tubes 

e@ Concentration of surface per linear 
foot is higher than for longitudinal 
fins 

© Crossflow heat-transfer rate is higher 

than longitudinal fins 


Long tubes give large flow area with 
minimum number of  tube-to-tube- 


sheet attachments 


© Crossflow is a must in the heat-trans- 
fer area 

© Baffles for small flows and long tem- 
perature ranges cause high-pressure 
loss 

@ More heat-exchange surface is needed 

since efficiency is low 


Small pressure loss at small gas flows 
ard long temperature ranges 


Lower equipment cost since surface 
is compact 

e Can use less expensive material for 
fins than for containment tubes 


@ Limited to longitudinal flow design 

@ More surface is needed because the 
fins are less efficient than the prime 
surface 


») 
WV) 
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@ Crossflow, longitudinal flow or a com- 
bination of both can be used 
e@ Rugged structure 


@ Coarse designs are limited to larger 
units. Fine designs are not as rugged 
as perpendicular or longitudinal fins 

@ Choice of material combinations are 
limited 
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Liquid metals and gases will 
see increased future use in 


special-purpose exchangers 


Tomorrow’s ideal fluid for heat transfer in 700 
to 1600 F range should have: low melting point, 
low vapor pressure at high temperature, high spe- 
cific heat, low viscosity, reasonable density, high 
thermal conductivity, low corrosion rates on com- 
mercially available materials, low chemical activity, 
low cost. And it should be available in quantity. 

Water is close to the ideal fluid for many of to- 
morrow’s routine heat-transfer jobs. But other 
fluids are often better suited for special applica- 
tions. Case-in-point is nuclear power service. To 
transmit needed temperatures, water must be kept 
at very high pressures. Cost for both pumps and 
the containment system are high. 

Liquid metals, such as sodium and sodium-potas- 
sium alloys, can transmit high temperatures at 
moderate pressures. It is possible to reach 1500 F 
with a system pressure of 100 to 200 psi, just 
enough to overcome presure drop. But chemical ac- 
tivity is high and corrosion is a problem. 

Gases are also suitable for heat-transfer services. 
Not many gas-cooled nuclear reactors are in oper- 
ation. Yet, steam-generating surface is often used 
to cool refinery gases and vapors. 

Heat-transfer coefficients are usually low for 
gases. So full use will be made of extended tube 
surface. This keeps equipment cost down. 

Tomorrow will see increased use of both liquid 
metal and gas for heat-transfer service. But there 
are many intangible factors and a lack of long 
term operating experience. Experts find it difficult 
to predict what future role each will play. 


/ntermediate__»w 
source heat exchanger 


Exchangers meet tomorrow’s needs 


Conventional heater 


Both fluids mix if the tubes leak. But those 
units handling radioactive fluids, liquid metal, 
water or gas, must be leakproof internally 


Double tube sheets 


Any leakage drips out between tube sheets. 
Can handle many fluids; but it’s not the an- 
swer for handling liquid metals that react with 
air 


Concentric-tube heater 


Best and most expensive method. Inert third 
fluid between tubes and sheets detects leak- 
age by an increase or decrease in pressure 


Intermediate heat exchanger 


Two liquid-metal coolant 
circuits pass through this 
intermediate heat ex- 


changer. Primary loop is 
then isolated from the ex- 


changer producing steam. 
Thus, if heat source is a 
nuclear reactor, radioac- 


Feedwoter 


tivity is confined to the 


Primary loop 


Secondary loop 


primary coolant loop 
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Compressor Live 


| steam 


Distillation 
unit 


Heat 
exchanger ¥ 


Brine 


Distillation processes to produce more potable water supply 


Vapor 


Vapor compression distillation 
unit uses the heat-pump principle. 
It makes about 200 lb of distilled 
water per lb equivalent fuel input 


Evaporators will produce a 


good share of tomorrow’s 
top-quality water for industry 


Use of evaporated water is on the increase. To- 
morrow’s improved evaporation equipment will: 
(1) Distill more potable water from the ocean and 
brackish supplies in water-short areas. (2) Produce 
more treated-water for high-pressure boilers and 
nuclear power plants. 


Vapor purity 
There have been big improvements in evaporated 
makeup quality over the pasi several years. Vapor 
purity below 1 ppm is commonplace. Manufacturers 
often guarantee 0.25 ppm. Tomorrow’s evaporators 
will produce vapor with less than 0.05 ppm solids. 


Carryover 

Consistent production of high-purity vapor depends 
on elimination of carryover. Solids present in evap- 
orated water come from moisture carried over with 
the vapor. Mechanical separators trap this mois- 
ture and let it return to the evaporator shell. 
Another method scrubs the vapor clean by pass- 
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Blowdown f condenser 
Blowdown 
Blowdown Distillate 


Triple-effect evaporation has lower fuel need per gallon 
of pure water than single effect. First-stage condenser acts 
as boiler for the second and so on. Increasing number of 
effects reduces fuel need but ups the plant equipment cost 


ing it through condensate before it escapes to the 
steam dome. Look for refinements in both these 
methods and other more efficient new designs. 


Operation 

Evaporators are simple to operate. Scale accumula- 
tion is removed by cracking and flushing out at 
regular intervals. Operating difficulties are easily 
corrected. On hard-to-handle supplies, external 
water treatment insures good performance. 

Many experts are now taking a closer look at 
evaporation. Dayton Power & Light Company re- 
cently made a thorough study of evaporation and 
demineralization for a new station using a mono- 
tube boiler. Evaporation came out ahead. Is this 
the start of a trend away from demineralization? 
More probably it just means that both methods 
will continue to compete for tomorrow’s job of 
producing high-quality water. 


1970 


1960 


1956 


1950 


02 03 04 0S GS Cs OF 10 
Vapor dissolved solids, ppm. 


EVAPORATOR PERFORMANCE will be greatly improved 
‘to meet future industrial demand for high-quality vapor 
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Look for these changes in tomorrow’s surface condensers 


Aluminum tubes. More aluminum will be 
used. Initial cost is low. Heat-transfer char- 
acteristics are excellent. Big drawback is lack 
of experience 


Welded tube-to-tube-sheet connections. 
Problem of joint leakage will greatly accel- 
erate trend to welding. Automatic processes 
are already available for many materials 


Welded-steel waterboxes. Use of cast 
iron is on the way out. Welded-steel design 
is more flexible. Connections are easily 
changed in the plant or in the field. Rubber 


lining protects from corrosion 


Larger size. Most of tomorrow’s problems 
in condenser design stem from radical in- 
creases in turbine size. Today, designers talk 
about condensers containing 250,000 sq ft of 
tubing surface 


Lower headroom. Past five years have 
seen a reduction in headroom from 34 ft to 
22 ft. Use of side outlet arrangement cuts 
down headroom considerably 


Reverse flow. Increased use will be made of 
reverse-flow designs. Changing the direction 
of cooling-water flow definitely keeps the 
tubes cleaner 


Hotwell rompartmentation. By testing 
a condensate in each separate compartment 
B leakage can be pinpointed to particular sec- 
bi tions of the condenser tube bank 


Mechanical vacuum pumps. While steam- 
jet ejectors will continue to be found on most 
condensers, there will be greater interest in 
the use of mechanical pumps 


Company. Driving force behind the trend is a big 
aluminum cost advantage. In a recent study for 
a 110,000-sq-ft condenser, aluminum tubes cost 
50% less than admiralty. This amounted to a sav- 
ing of almost $80,000. 

Heat-transfer characteristics of aluminum are ex- 
cellent. One big drawback is a lack of long-term 
operating experience, Also, aluminum can’t be used 
haphazardly. There are many jobs where it is not 
suitable. So it is extremely important to evaluate 
overall operating conditions before selecting the 
condenser-tube material. Majority of experts feel 
that more aluminum condenser tubes will be used. 


Future condenser designs aim 


for new materials and better 


fabrication methods 


Condenser size will keep pace with the trend to 
larger boilers and turbines. Manufacturing facili- 
ties are more than ample to handle size increases 
expected in the next ten years. But transportation 
clearances place definite limits on the size of con- 
densers shipped in one piece. Even with the use of 
specially built condenser freight cars, more units 
will be shipped in sub-assemblies for field erection 
at the plant site. 


Welded connections 

Leak-free joints will be more important on tomor- 
row’s designs. High-pressure and supercritical-pres- 
sure power plants cannot tolerate leakage. It 
is also critically important in nuclear-power jobs. 
All this lays the groundwork for more welding of 
tubes to tube sheets. Automatic welding guns have 
already been developed by several companies. They 
will improve weld quality, speed production and 
considerably reduce welding cost. 

Welded-steel waterboxes are fast replacing the 
older cast-iron designs. Connections are easily 
changed. But changes on cast-iron units call for 
additional expensive pattern work. If the carbon 


Aluminum tubes 

Aluminum will take the place of various copper 
alloys on more jobs. Pioneer installation is at 
the Oak Creek station of Wisconsin Electric Power 
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Standard performance for both tray- and spray- 
type deaerators is removal of dissolved oxygen 
to less than 0.005 cc per liter. Improved results 
await development of better oxygen tests. To- 
day’s Winkler and Schwartz-Gurney methods 
both have ‘shortcomings. Oxygen measurements 
are not continuous or automatic; skilled tech- 
nicians are needed; and accuracy is limited. 

One test instrument recently introduced has 
much future promise. It can automatically an- 
alyze and record residual oxygen. Reproducible 
measurements aye made as low as one part per 
billion. Nitric oxide is used to react with dis- 
solved oxygen in the sample to form nitrous 
acid. Resulting conductivity increase is propor- 
tional to the amount of oxygen present. 

With an instrument like this, deaerator oper- 
ation will be easier to evaluate. Look for better 


Deaerator performance will continue to improve 


performance as the end result. 


steel must be corrosion resistant, rubber lining 
can be easily applied. 

Look for additional compartmentation of con- 
denser hotwells. Condensate in each section can 
then be separately analyzed for dissolved solids. 
This makes it much easier to spot leakage location. 


Low-pressure exhaust heaters 

Some plants are putting as many as three low-pres- 
sure feedwater heaters in the condenser neck. 
Main advantage is the saving in space and in some 
runs of low-pressure steam piping. Offsetting this is 
an increase in pressure drop between turbine and 
condenser. Designers have trouble getting exhaust 
steam through the condenser at the lower pres- 
sure. One manufacturer estimates that it increases 
condenser price by about 1%. This increase in 
condenser price may put too much of a premium 
on the space-saving features. It may be enough to 
halt this nearly established trend. 


Reverse flow 

The reverse-flow condenser has many advantages 
which point to widespread use. Tubes can be 
cleaned without taking the unit out of service or 
reducing the load on the turbine. Cooling-water 
flow is merely reversed. Increase in temperature 
at what was formerly the inlet effectively destroys 
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any marine life. It also melts ice accumulations. 
Increased investment for this feature will pay off 
on many troublesome cooling-water supplies. 


Vacuum pumps 

Both steam-jet ejectors and mechanical vacuum 
pumps are available for condenser-vacuum service. 
Experts disagree on which is better. 

Steam-jet ejectors are simple to operate and have 
no moving parts. Maintenance is practically zero. 
But you must have steam available at plant start-up 
to pull a vacuum on the condenser. 

Mechanical vacuum pumps produce a starting 
vacuum without using steam. This advantage is 
measured against increased maintenance. 

Most future condenser installations will still use 
steam-jet ejector equipment. 


Deaeration 

Temperature drop of 1 to 114 degrees across the 
condenser gives good deaeration. Normal guarantee 
for this service is 0.03 cc per liter residual oxygen. 
Some power plants rely solely on condenser de- 
aeration. Majority use a separate external deaerat- 
ing heater. Oxygen removal will assume even 
greater importance in tomorrow’s plants. So look 
for the use of an external deaerator to supplement 
oxygen removal in the surface condenser equipment. 
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Evaporative cooling 


Growing demand for cooling 
towers, evaporative condens- 


ers will reach record highs 


Industrial cooling-tower use in general will greatly 
increase. And power plants will not take exception 
to this trend. Because of low fuel cost and nearness 
to load centers, generating stations are often lo- 
cated in areas without good water supplies. So 
cooling towers must be used. 

Even when good water is available, the increased 
temperature of condenser water re-entering the 
stream is usually objectionable. Marine life can be 
destroyed and industry downstream may be ad- 


versely affected. Again, cooling towers are the an- 


swer to the problem. 

Cooling-tower size for today’s generating stations 
is already tremendous. And power plants with even 
larger cooling needs loom on the horizon. To 
handle this increased flow, individual cooling-tower 
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New materials and methods will 
stretch cooling-tower life 


Plastic will be used more and more for tower 
parts. Main hindrance is high initial cost; but life 
is greatly extended and maintenance is low. Pack- 
ing is already available in plastic construction 


Glass-coated steel is another future possibility 
for cooling-tower casings, fill. Glass must be flexi- 
ble enough to yield with the steel. Although cost is 
high, some feel it will be made competitive 


Pressure-treated wood, using salts such as 
Erdalith or Marlith, will effectively combat tower 
decay. In the interim, more installations will chemi- 
cally treat lumber in place to increase tower life. 


Top view of new polystyrene plastic cooling-tower fill 


cells combined in future installations will be much 
larger. The result will be reduced cost and overall 
size to handle a given cooling-water flow. 

Problem of recirculated air will get worse. 
Ladened with moisture, this air is not very useful 
for cooling. Present design allowance for air re- 
circulation is about 7 to 8%. Actual operating 
amount depends on wind velocity and direction, 
location of other towers, amount and kind of air 
pollution. Way of keeping it down will be thorough- 
ly explored in tomorrow’s designs and application. 

Wood-decay problem will diminish as more 
cooling-tower wood is pressure treated with decay- 
resisting chemicals. More operating towers will be 
given chemical treatment in the field to increase 
life of the lumber used for cooling-tower fill. 

Major changes in materials of construction will 
eventually come. But most experts feel that it will 
take a lot longer than five years. Some smaller 
cooling towers are now using plastic fill. But added 
cost is still too high for larger equipment. 

Trends in small commercial and consumer air- 
conditioning fields will not affect industrial tower 
design to any great degree. Big problem there is 
one of low initial cost. Typical galvanized-metal 
fill may last only five years. Contrast this with the 
20-yr life expected in many power plants. 

Evaporative condensers will see increased use in 
many smaller industrial air-conditioning systems. 
Combination condenser and forced-draft cooling 
tower saves space and can be installed inside or 
outdoors. It also saves on pumping cost. Possible 
drawback on some jobs is somewhat higher main- 
tenance compared to separate tower and condenser. 
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The emphasis will be on 
better materials, advances in 


heat-transfer theory 


Solar heating — 
how much and how soon? 


Those who see a bright future for solar heat- 
ing point to the world’s dwindling fuel re- 
serves, growing population, increasing de- 
mands and the desire for an ever-higher 
standard of living. 

Some European countries are already be- 
ginning to feel the pinch. And the yet-to-be 
developed lands of Asia and Africa will 
show vast appetites for low-cost energy of all 
forms. Because a major part of these areas 
are in temperate or tropical climates, solar 
sources could well be the answer for these 
energy-starved countries. 

Simplest application of solar energy is 
space heating. Recent report to the US. 
Congress predicts 13 million solar-heated 
homes by 1975—mostly in the South. 

Two main problems are collecting and 
storing the heat. One design uses hot water 
with large storage tanks. But tank heat 
losses pose a major hurdle. A second type 
stores the heat in pebble beds. Also pro- 
posed: A chemical transition method such 
as the hydration of sodium sulfate at 91 F. 
Though this is most expensive it’s also the 
most efficient. 

Consensus of most experts on the subject 
can be summed this way: Solar energy for 
heating or other purposes isn’t just around 
the corner for the U.S. It will be a long 
time before solar methods can compete with 
fossil fuels and even nuclear fuels. But it can 
compete right now with the primitive tech- 
niques used in the nonindustrialized areas 
of the world. 


Space heating, cooling 
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Recent advances in heat-exchange surface for space 
heating and cooling have been largely the result of 
progress on three major fronts: (1) Materials— 
newer types, more exacting specifications have re- 
duced cost (dollars per Btu transferred). (2) Con- 
struction—more_ efficient surface distribution, 
better fabrication methods have made significant 
contributions to the technology. (3) Fundamental 
knowledge—research work in heat transfer has pro- 
vided us with more accurate design coefficients, bet- 
ter understanding of cooling and heating loads. 
The pattern of progress is established in this im- 
portant field and future advances are sure to be 
made along these same lines. 


Heating, cooling surface 
Panel heating—a field of much recent progress— 
will be favored on a growing number of applica- 
tions. Its entire theory, including data on the 
radiant and convective portions of useful heat 
output from different surface shapes, is now the 
scene of extensive study. Stepped-up activity in 
development of radiant panels for both homes and 
large buildings has increased efficiency of new de- 
signs. Today’s most popular form, the heated slab, 
is installed directly on the ground with imbedded 
steel, wrought iron or copper-pipe coils, Their 
controls, a knotty problem in the past because of 
thermal lag, have made big strides too. 

Heat-pump surface for both ground, water and 
air-source designs are getting a close look from 
potential users and equipment engineers alike. 
Heat-transfer advantages favoring water and air 
sources give these techniques a clear-cut edge in 
the race for future markets. 

Although finned coils began to displace spray 
washers for air conditioning multistory buildings 
as far back as the early thirties, new materials and 
heat-transfer designs are giving these surfaces an 
important new look. 

Aluminum, with its steadily declining dollars- 
per-Btu-transferred tag, appears certain to win 
an important place for itself in future finned-coil 
applications. And all-aluminum heating, cooling 
coils hold promise of high performance coupled 
with reduced cost. 

Coil design engineers are putting more emphasis 
on optimum geometry—the number of fins per inch, 
fin thickness, tube spacing, outside-inside surface 
ratio and other physical factors. Their objective: 
To achieve most economical use of material. Wide 
range of new designs—plate and spiral fin, inter- 
rupted fin, spike fin and other types—point the way 
toward even more efficient, lower-cost surfaces. 
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The unit heater — today’s 
No. 1 industrial plant space- 


heating source—is geared to 


future needs 


Majority of today’s industrial plants use the unit 
heater for part or all of their heating. Most com- 
mon types combine steam or hot water and a fan 
for air circulation; but separately fired units find 
an increasing number of jobs. 

Here’s the thinking behind today’s wide accept- 
ance of the unit heater for industrial plants: 
Forced-air circulation makes possible vastly higher 
heat-transfer rates and hence lighter, cheaper heat- 
ing elements for a given job. The fan contributes 
positive circulation in the heated space, reducing 
temperature differential between floor and ceiling. 
Since heat is distributed in the form of steam or 
hot water, and through pipes rather than more 
expensive and greater-space-consuming ducts, instal- 
lation flexibility is great. These engineering fea- 
tures, plus low cost, make an attractive package for 
the potential industrial user. 

Because factory heating problems differ substan- 
tially, depending on locale, building materials, 
architecture, type of production process, etc, unit- 
heater manufacturers have been expanding the 
scope of their designs, This trend is certain to con- 
tinue in the future. 

Today’s most common design—the propeller- 
fan-equipped unit for suspended mounting—will 
get the nod in many industrial plants now on the 
boaras. A number of variations include adjustable 
air deflectors, vertical or horizontal mountings, 
turbine drives with steam exhausting into the heat- 
ing coils. 

While copper is still most frequently used for 
heating-coil tubes, extended surfaces may be cop- 
per, brass or aluminum. 

Vertical units will make their appearance in 
greater numbers in the years ahead. Differing 
from horizontal unit heaters in arrangement of 
fan and heating surface, they generally offer the 
user a higher outlet-air velocity. This produces 
a greater “throw’—with a downward moving cone 
of air rather than a stream moving horizontally. 
Such characteristics are in keeping with many new 
plant designs. 

Most of today’s unit heaters are indirectly fired, 
but the separately fired unit heater neatly solves 
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a number of important problems that are cropping 
up in industry. A considerable number of central 
heating plants have become overloaded as a result 
of rapid expansion of production areas. Rather 
than make an immediate and substantial investment 
in boiler capacity, plant engineers see advantages 
in simply running a fuel line to the new area 
requiring heat and installing a separately fired 
unit heater—without adding load to the central 
heating plant. When the growing load builds up 
sufficiently to justify a new boiler, the plant en- 
gineer finds new areas for the separately fired unit. 

The separately fired unit heater does require 
venting, but it fits in with the modern single-floor 
concept of industrial plant design since these struc- 
tures are easily vented. 

Most of today’s indirect fired units get their 
heat from steam. And while steam will continue to 
hold an important share of this market, we can ex- 
pect to see hot-water units become more common. 
Here’s the reason: High-temperature hot-water 
heating is an important trend in new industrial 
plants. And as high-temperature water systems 
take hold in increasing numbers, hot-water unit 
heaters will parallel this trend. 

Electric unit heaters are usually too expensive 
for general plant heating. But they’re excellent for 
spot-heating jobs. As cost of electricity continues to 
tumble, we’ll see more electric heaters in new in- 
dustrial plants and institutional buildings. 


Nuclear space heating — 
its present and future 


At present, only one nuclear heating system 
is in operation in this country—the Hanford 
atomic energy installation at Richland, Wash- 
ington. Capacity of this system is sufficient to 
heat about 1000 average-size homes. 

The British also have a nuclear heating 
plant. And Sweden is now designing five 
large central installations, the first two of 
which will heat the cities of Stockholm and 
Vasteras. 

Problems associated with nuclear heating 
are not so severe as those of nuclear power, 
largely because lower temperatures and 
pressures are involved. Also, nuclear heating 
is compatible with the trend to high-tempera- 
ture water distribution systems. 

Most optimistic estimates predict that not 
more than 10% of our major cities could 
economically be heated with nuclear en- 
ergy—even by the year 2000. 
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YESTERDAY'S POWER PLANT 


TOMORROW'S POWER PLANT, 


epended on thi 
on natural wind velocity and it required a large plan 


like this first commercial-scale nuclear fuel 
positive performance, high efficiency and operational economy of Marley Double-Flow Cooling Towers. 


Marley Always Pace Ahead 
Power’s Demand for Cooling Water 


-, 


From spray pond to the modern concept of Cross-Flow Cooling, 


The Marley Company has been ready to meet every water cooling 
requirement for power generation and industrial processes 


From an improved spray nozzle 
to the world’s largest single-proj- 
ect cooling tower installation (now 
under construction)—that’s the his- 
tory of Marley’s participation in 
industry’s progress and a record of 
economic demand for conservation 
of water. The intervening years 
have been marked by a succession 
of Marley water-cooling products 
that were milestones of achieve- 


ment in increased capacity, greater 
efficiency, added economy. 


Entering the industrial scene at 
the transition period that saw the 
Corliss engine give way to the steam 
turbine, Marley products were first 
applied to spray ponds. The patented 
non-clog nozzle that improved water 
break-up and lowered maintenance 
reached its greatest utility with 
adoption of tapered pipe (another 


power generating station, demands the 


s Marley Spray Pond for condenser cooling water. Its efficiency depended 
area to provide 5000 gpm. 


Atmosp 


heric Deck Cooling Tower—1925 


3 | : 
| 
‘i 
ais 
=... 
: = 
Z 
é 
} 


Marley origination) that equalized pressures 
throughout the reaches of a spray pond. 


The next simple, logical ‘step was the addition 
of a louvered fence to confine drift of sprayed 
water for a strong wind could shower 10 per cent of 
a pond’s volume over a wide expanse. The louvered 
fence was but a step toward the natural draft 
spray tower. The fence remained but the spray 
system was elevated to the top and inverted. This 

* tower better confined drift and, with increased 
pumping pressures, provided more positive perform- 
ance and required reduced overall area. For limited 
capacity cooling loads in completely unrestricted 
locations natural draft towers are used today, but 


Forced Draft Cooling Tower—1930 


the expansion of plants and production that began 
in the ’twenties outmoded this type for general in- 
dustrial service. 


Next came the Marley Atmospheric Deck cooling 
tower in which hot water was distributed at a high 
level (50 feet elevation was not uncommon) and 
redistributed at intervals in its downward course. 
The deck tower offered greater capacity and re- 
duced plan area, but it was still dependent upon 
natural draft for performance. Low wind velocity 
meant low cooling efficiency; high velocity caused 
excessive drift loss. These conditions hastened the 
decline of deck tower popularity in most localities. 


Before critical processing temperatures had elimi- 
nated the deck tower, Marley was ready with its 
earliest mechanical draft design—the Forced Draft 
cooling tower. With its fan operating in a vertical 
plane, it furnished a continuous volume of air at 
predetermined velocity. The forced draft tower 
temporarily answered the demand for consistent 
performance but had an inherent weakness that di- 
rected engineers to the next step in water cooling. 


Since the forced draft tower utilized the principle 
of high velocity for entering air and low discharge 
velocity, in its initial form it was subject to re- 
circulation of warm air that reduced cooling ef- 
ficiency. By placing the fan in a horizontal plane 


Counterflow Induced Draft Cooling Tower—1935 
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Marley Double-Flow Cooling 


Simple, logical, effective principle that 
revolutionized industrial water cooling 


Air contact cools water—and the Double-Flow method 
of cooling, originated and patented by Marley, carries 
this simple principle to its logical conclusion. Every- 
thing that contributes to more efficient water distribu- 
tion and break-up, prolonged air-water contact and 
maximum utilization of every pound of air is incor- 
porated into the simple, efficient Marley Double- 
Flow design: 


AIR UTILIZATION—A single fan draws air uniformly, 
with low draft loss, through full height louver side 
walls, assuring maximum air-water contact at all levels 
throughout the two cooling cells. The fan is a multi- 
blade cast fan specifically designed by Marley for con- 
verting applied power to actual cooling tower perform- 
ance. Air is exhausted through Marley VL Fan Cylin- 
der that amplifies fan efficiency and cooling perform- 
ance. 


WATER DISTRIBUTION—There can be no channeling, 
no dry areas in the filling of a Marley Double-Flow 
tower. Primary distribution is by gravity flow through 
uniformly spaced porcelain orifices located at close 
intervals on the distribution basin floor. Secondary 
distribution is achieved by diffusion decks directly 
below the basin. 


WATER BREAK-UP—Mortis-Locked filling continually 
breaks water up at very close intervals (fill decks 
are just 52” apart) and momentarily retains it on 
the broadest horizontal surface of fill members for 
prolonged film cooling. Marley Double-Flow design 
provides an extraordinary amount of wetted surface 
essential for heat transfer and more splash surface for 
break-up than any other type industrial tower . . . 
and this is achieved at lowest static pressure. 


at the top of the tower the pressures were reversed and the 
induced draft cooling tower created. It is the basic standard 
for today’s industrial cooling towers. 


Even before World War II expanded and decentralized 
the country’s industrial economy and made water conserva- 
tion a paramount factor, Marley engineering research had 
measurably increased cooling capacity per fan by 
designing the Double-Flow induced draft tower, the most 
significant advancement since the application of power 
to the cooling tower. During the war decade, the Double- 
Flow proved itself as an ultra-important aid to production 
in the power, petroleum, chemical, rubber and other in- 
dustries. 


Today, all these industries turn to Marley for towers 
that solve critical problems involving greater capacities, 
higher temperatures and more critical performance. Typi- 
cal is the development of nuclear power. Marley Double- 
Flow cooling towers are in service in experimental and 
developmental plants the country over and in the first 
commercial-size plant to be placed in operation. 


Tomorrow Marley will be prepared to build the towers 
to which industrial evolution now points. Competition for 
available water supply continually develops from increased 
population, from per capita demand that doubles each 
decade and from constant progress in new processes. To 
conserve the volume of water that industry must have, 
water cooling equipment must achieve new levels of per- 
formance and capacity ... and Marley will, as always, 
be ready. 
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By every quantitative and qualitative yardstick, 
Marley Double-Flow Cooling Towers measure up as 


Today’s Tower for Power 


The Marley Double-Flow is uni- 
versally recognized as ‘‘the tower 
for power!’’ This is evidenced by 
every statistical study whether the 
standard of comparison be num- 
ber of individual installations, num- 
ber of fan cells or total gallonage 
of towers in service. 


The industry's own published analyses 
of equipment going into new power 
plants year after year show that the 
majority of cooling towers have been 
Marley Double-Flows—that more Double- 
Flows have been selected than towers of 
all other makes combined. 


@ Marley Double-Flows were recently 
selected by one of the nation’s leading 
public utilities for the largest single- 
project cooling tower installation in the 
world. Four 10-cell Double-Flows (40 fan 
cells in all) will provide 250,000 gpm 


with a temperature reduction of 19° in 
this ultra-modern generating facility. 


But quantity is only part of the 
story of the preference for Marley 
cooling towers. On the other side of 
the coin is QUALITY OF PER- 
FORMANCE — and again, Marley 
leadership has been well established 
by scientific analyses of perform- 
ance. Marley pioneered the concept 
of ‘‘test your tower’’ by encourag- 
ing purchasers to conduct perform- 
ance tests to carefully compare 
specified performance with actual 
performance—and by providing the 
means of making valid tests simply 
and economically. 


Twenty-two Marley towers in 
steam and atomic power plants 
were tested in 1954, 1955 and 1956. 
All of these test results (which have 
been reported in power publications 
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and are available in reprint form on 
request) clearly establish the con- 
sistent performance of Marley 
towers. 


Double-Flow cooling towers have 
established another record in the 
power industry —a record for re- 
liability. It is based on the excel- 
lence of Marley mechanical equip- 
ment engineered and manufactured 
specifically for cooling tower 
service. 


Typical of this is the Marley 
Multi-Blade Fan. In sizes up to 22 
feet in diameter it delivers air in 
volume required by today’s largest 
capacity towers. More important, 
it does its job most efficiently— 
with minimum required _horse- 
power. Its operation is character- 
ized by a freedom from vibration 
never achieved by tower fans of 
other design. 


By utilizing up to ‘2 blades of 
proven aero-dynamic design per 
fan, the Marley Multi-Blade fan 
overcomes pulsation. This assures 
long fan life and its benefits carry 
through to all power transmission 
components and to tower structure 
as well. Blades are single castings 
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Marley Multi-Blade Fan 


of selected virgin aluminum alloy 
that has a high corrosion resistant 
factor. All fans are carefully factory 
balanced and field adjustment to 
pitch is easily, quickly performed. 

Like the Multi-Blade fan, Marley 
Geareducers are single-purpose 
equipment. They are rugged, 24- 
hour-a-day service units built to 
perform under conditions that only 
cooling towers present. 

As larger fans with more applied 
horsepower have been utilized, 
Geareducer design has kept pace. 
New models with heavier cases, 
larger shafts, more rugged gears 
and heavy duty, large capacity bear- 
ings have met every demand for 
added power and service life. 

Current model Geareducers set a 
new standard for speed reducer 
lubrication. All gears operate in a 
complete oil bath and a constant 
flow of oil is maintained to every 
bearing whether direction of opera- 
tion is normal or reversed. AND 
THE OIL STAYS CLEAN for Mar- 
ley Geareducers are the only units 
with ENGINEERED LUBRICA- 
TION that filters all the oil, main- 
taining a constant supply of un- 
contaminated lubricant to prolong 
bearing and gear life. 

Sight oil-level gauge and drain 
are placed at a convenient location 
on the fan deck so quantity and 


Marley Series 32 Geareducer 


quality of lubricant can be observed 
effortlessly. This simplifies proper 
maintenance and is further assur- 
ance of uninterrupted service. 


Marley “POWER PACKAGE” 
For Modernization 


To restore or increase mechanical 
efficiency for cooling towers of all 
types, the Marley ‘‘Tower Power 
Package”’ is the prime selection of 
engineers and operators. The combi- 
nation of Marley Multi-Blade fan, 
Geareducer, driveshaft and _hot- 
dipped galvanized steel mechanical 
equipment support is replacing 
out-moded equipment in plants large 
and small the country over. Over 
a hundred ‘‘power packages’’ are 
successfully improving tower serv- 
ice and performance for a single 
owner. 


MORE AIR WITHOUT 
MORE POWER 

One of the most important cool- 
ing tower design advancements of 
recent years is the patented Marley 
“VL” fan cylinder. By its ingenious 
design it converts pressure to 
velocity, increasing the volume of 
discharged air in any fan cell. With- 
out additional horsepower it pro- 
vides either of these optional ad- 
vantages: (1) Greater capacity or 


Marley “VL” Fan Cylinder 


(2) Lower cold water temperatures, 
or (3) with the same capacity and 
cold water temperature less horse- 
power is required. 

Designed as companion equip- 
ment for the Multi-Blade fan, the 
“VL’’ fan cylinder is standard for 
Double-Flow towers and is usually 
selected to add performance for 
modernization projects using the 
Marley ‘‘Power Package.”’ 


MarTreat and Marlith 


Prevent Rot and Decay 


Fungus decay is a universal haz- 
ard to cooling tower service life, but 
one which can be prevented before 
it starts; stopped if it does occur. 
The Marley Company was the first 
cooling tower manufacturer to 
recognize the extent of costly de- 
terioration caused by fungus attack 
on cooling tower lumber. As a re- 
sult Marley inaugurated a com- 
prehensive scientific program that 
produced successful methods of 


Founder Member Cooling Tower Institute 


222 West Gregory Blvd. 


Kansas City 14, Missouri 


preventive treatment for existing 
cooling towers and for pre-treat- 
ment of fabricated cooling tower 
lumber before construction. 


For Existing Cooling Towers 

MARTREAT application for 
towers now in service has estab- 
lished a six-year record for creating 
immunity in towers not affected by 
fungus decay and of arresting 
further inroads in towers where 
fungus attack is evident. MAR- 
TREAT application is a double dif- 
fusion of separate chemical salt 
solutions that successively pene- 
trate tower lumber. The solutions 
are extremely toxic to fungi and, 
when combined with natural ele- 
ments in wood, form a precipitate 
that is almost completely insoluble. 
This precipitate remains as a reli- 
able fungicide with the proven 
ability to endure continued flooding. 

Application of MARTREAT by 
trained Marley personnel requires 
little down time. Method of applica- 
tion and mechanical equipment 
have been developed to do the work 
rapidly and thoroughly with no in- 
convenience to plant personnel. 


For New Cooling Towers 

MARLITH PRE-TREATMENT 
affords the same protection for 
cooling towers to be constructed. 
Prefabricated lumber is placed in 
pressure treating cells after being 
carefully stacked in a manner that 
exposes all surfaces to the chemical 
salts solution. After air and mois- 
ture are withdrawn from the wood 
by vacuum, the chemical solution 
is diffused into the lumber by pres- 
sure of 100 psi or more applied for 
more than 20 hours. The retention 
of the precipitated chemicals thus 
combined is positive, measurable 
and guaranteed. 

The cost of either MARTREAT 
or MARLITH immunity is but a 
small premium to insure against 
a hazard that can destroy the entire 
cooling tower. 


These 
MARLEY TECHNICAL 


PUBLICATIONS 
Should Be in Your File 
You can obtain copies of these 
current publications by calling 
your local Marley representative 
in 55 cities or by writing direct to 

The Marley Company: 

“Test Your Tower"—R-54-P-5 

“Analyzing Cooling Tower Performance 
by the Unit-Volume Coefficient’— 
R-52-P-10 

“Controlling Deterioration of Cooling 
Tower Lumber"—R-53-W-5 

“Protecting Cooling Tower Lumber by the 
MarTreat Process" —R-54-W-1 

“Engineered Lubrication for Geareducers” 
—EL-57 

“Marley Multi-Blade Cooling Tower Fans” 
—f-57 
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Easy Installation 

by using 
BALDWIN-HILL 
MONO-BLOCK 


In building high temperature proc- 
essing equipment like this gas gen- 
erator, Surface Combustion Co. 
demands maximum thermal effi- 
ciency from insulation along with a 
minimum of application problems. 


B-H MONO-BLOCK fills these re- 
quirements, not only through low 
thermal conductivity over the full 
temperature range to 1700° F., but 
by its exceptional ease of handling 
and installation. In this application, 
MONO-BLOCK was simply impaled 
over pre-welded studs and secured 
by speed clips. 


The smooth, white glazed finish, 
shown at the right of the photo, was 
obtained with a single coat of B-H 
SUPER POWERHOUSE CEMENT 
which eliminates the need for sepa- 
rate insulating and finishing 
cements. 


See our catalog in Sweet's 
Plant Engineering File. 


BALDWIN-HILL COMPANY 


on these products, as 


Complete line of Industrial Insulations —_w«!! as other BH In- 
sulations, just staple 

109 Breunig Avenue - Trenton 2, N. J. the keyed — of 
Kalamazoo, Mich. * Huntington, Ind. * Temple, Texas 
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HERE’S HOW: 
ALCO’S EXPERIENCE BENEFITS YOU 


Reasons why leading power companies incorporate 
ALCO equipment in new stations and units 


For over 30 years ALCO has designed and built power-plant equipment for 
the country’s largest steam-electric generating stations. The reasons for 
this success are unequaled thermal engineering and an uncompromising 
quality of manufacture. These ALCO values are your assurance that ALCO 
feedwater heaters, evaporators or prefabricated pipe will be engineered 
and manufactured to return a profit on your investment. 

Atco leadership in power-plant equipment is evidenced by an electronic- 
computer center for thermal calculations, new full-scale thermal laboratory, 
as well as complete research facilities. ALCO product designs like the Type 
“D” heater closure, various steam and nuclear exchangers, prove this 
leadership. 

Investigate A.co’s qualifications when you next purchase equipment for a 
new station or unit. Specialists in the nearest ALCO sales office will help 
you. Or write Thermal Products Division, Dept. FHE-2, P.O. Box 1065, 
Schenectady 1, N. Y. 


prooucts, Inc. 
“ALCO 


NEW YORK 
Sales Offices in Principal Cities 


Locomotives * Diesel Engines * Nuclear Reactors * Heat Exchangers 
Springs * Steel Pipe * Forgings * Weldments * Oil-Field Equipment 


ALCO manufacturing experience and quality have gone into more 
than 20,000 ft. of prefabricated pipe for Florida Power & Light Company’s 
Fort Lauderdale Plant extension. Diameters range from 11 in. to 24 in. 


< 


Evaporators manufactured by ALCO offer a simple and reliable means 
of producing a continuous supply of high-purity, distilled make-up water. 
Installation is at the Niagara Mohawk Power Corporation station in 
Dunkirk, N. Y. 


| 


Five vertical ALCO feedwater heaters installed in Duke 
Power Company’s Allen Plant in Belmont, N. C. These 
products receive the benefit of such ALCO facilities as 
electronic-computer capability design, full-scale thermal 
and welding laboratories. 


4 
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On the subject of Surface Condensers 


ROSS speaks with 40 years’ experience 


What are your requirements in surface condens- 
ers? A single unit or several? Large twin-bank 
or smaller single-bank type? Ross is singularly 
equipped to fill your needs. 

Long a leading producer of all types of heat 
exchange equipment and condensers, Ross has 
wide and diversified experience in serving 
power plants. Starting with the Pearl Harbor 
Navy Yard installation in 1917, it has continu- 
ally stressed progressive engineering that has 
set the pace with many “firsts” in surface con- 
denser design. 

For 40 years, utilities, institutions, office 
buildings and industries have presented many 
unique problems to Ross .. . and found their 
solution. Today, Ross has design precedents for 
virtually every condenser application. 


Put this exceptional Ross engineering talent 


to work for you on all your condenser and heat 
exchanger requirements for power generation. 
With sales engineering facilities in principal 
cities, and representatives throughout the nation 
and abroad, Ross can provide prompt, on-the- 
spot service anywhere. 

Pertinent facts on Ross leadership in surface 
condenser design are available in Bulletins 
8.1K] and 8.2K1. Write for your copies. Ross 
Heat Exchanger Division of American-Stand- 
ard, Buffalo 5, N. Y. In Canada: American- 
Standard Products (Canada) Limited, Toronto 
5, Ont. 


ROSS HEAT EXCHANGER 


Division of American-Standard 
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Cochrane 
firstin open heaters in 1885 


.. leaders in deaeration today 


The art and science of direct contact heafers and 
deaeration are Cochrane’s heritage. As they salute 
Power Magazine on its seventy-fifth anniversary, the 
men of Cochrare look in retrospect to the milestones 
in the art of deaeration. From one of the first units 
trucked to the rail terminal on a wagon drawn by a 
ten horse team, to today’s installations delivering 
2,000,000 */hr and over, Cochrane has pioneered in 
development and design. 
Cochrane today has the largest number of feedwater 
heater installations in the world and manufactures a 
complete line of every type of deaerator. The com- 
pleteness and dependability of physical deaeration 
with Cochrane equipment equals or exceeds guaran- 
tees. To the power engineer who is interested in 
dependable, trouble-free performance, the complete- 
ness of the Cochrane deaerator line insures unbiased 
recommendations to fit his individual requirements. 
a a ee With offices in major cities in the United States, 
Canada and the world, Cochrane engineers are ready to 
aid you in the solution to your deaeration requirements. 


Deaeration 


Tray Type Deaerators « Atomizing Deaerators + Jet-Tray Deaerators 
Cold Water Deaerators * Surface Type Deaerating Hot Water Heaters 


Water Conditioning 


Demineralizers * Hot Process Softeners * Hot Lime Zeolite Softeners 
Zeolite Softeners * Solids Contact Reactors * Dealkalizers * Pressure 
and Gravity Filters * Hydromatic Single Control Valves for lon 
Exchange Equipment 


240,000 #/hr. Cochrane Atomizing Steam Specialties 

Continuous Blowoff Systems Steam Purifiers Oil Separators Multi- 
port Drainers * Dischargers « Receiver Separators * Exhaust Heads 
C-B Condensate Return Systems. 


T fe Cochrane Water Conditioning itd., Toronto 4; Montreal 1, 

Ce rt Winnipeg 1, Canada—Representatives in 30 principal cities in U.S.; 

Paris, France; La Spezia, Italy; Mexico City, Mexico; Havana, Cuba; 

2. R Caracas, Venezuela, San Juan, Puerto Rico; Santiago, Chile; Honolulu, 
3106 N. 17TH STREET, PHILADELPHIA 32, PENNA, Mowaiii Manila, Philippine Islands. 


Pottstown Metal Prods. Div.—Custom built carbon steel and alloy 
NEW YORK e¢ PHILADELPHIA «+ CHICAGO products. 
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but it's easy fo pick the BEST Heat Exchanger Tube for your job... 
\ 
Like many ‘‘specification” products, different brands of 
heat exchanger tube may look alike .. . yet still show 


wide variation in performance. 


A great many factors are involved, from uniform chemical 
composition and inherently sound metal in the alloy to 
the condition of surface finish on the tube. 


One sure way to save time and trouble is to ‘‘put it up 
to Scovill.”” Scovill Technical Service is one of the most 
experienced in the field, with a long record of successful 
applications. Unique Scovill production advances, such as 
Continuous Casting (of Phosphorized Admiralty), 
are plus values that cost you no more... 
yet surely pay out in tube performance. 


Scovill Manufacturing Company, Mill Products Division, 
99 Mill Street, Waterbury 20, Connecticut. 
Phone Plaza 4-1171. 


BIO... 


HEAT EXCHANGER TUBE FOR APPLICATIONS FROM MARINE TO PETROCHEMICAL... 
FROM COMPRESSOR INTERCOOLERS TO “‘CAT-CRACKER” EXCHANGERS. ..IN THESE POPULAR ALLOYS 
Phosphorized Admiralty Admiralty Arsenical Admiralty Naval Brass « Red Brass, 85% Deoxidized Copper 
Arsenical Copper Cupro-Nickel 10%—20%—30% Aluminum Brass Aluminum Bronze, 5% Muntz Metal Duplex Tube 
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Cc. H. WHEELER 
OFFERS YOU 
when you need 


SAVE 
STEAM CONDENSERS 


save time selecting your condenser! save down-time once it’s in operation! 


1 
3 


ALL C.H. WHEELER ASKS OF YOU before making a complete condenser 
proposal is a bare minimum of performance specifications. Working with 
this alone, Wheeler Engineering quickly submits its fully-detailed prospec- 
tus.After approval, construction begins immediately—on Reverse Flow, Dual 
Bank or Semi Dual Bank Condensers for industrial power plants and central 
stations ...low level Jet and Barometric Condensers for process industries. 


C.H. WHEELER REVERSE FLOW CONDENSERS save down-time and 
minimize operation at reduced load, because sluice gates reverse cooling 
water flow and flush away debris from clogged tubes in just a few minutes, 


with a small (and momentary) vacuum drop. 


NEED OTHER POWER PLANT EQUIPMENT? C.H. Wheeler Tubejet® Air 
Ejectors are available in a complete range of sizes of all capacities; abso- 
lute pressures to 1”. Lightweight, space-saving, dependable, with single or 
multiple elements. C.H. Wheeler Tubejet Air Ejectors remove.air, gas and 
vapors from condensate economically, efficiently. They handle wet or dry 


mixtures, at almost any steam pressure. 


1. Special designs for large 
as well as small electric 
generating stations 

2. Easy adaptation to fit 
your station layout 

3. Fewer field erection prob- 
lems and less instai- 
lation time. 

4. Pure condensate 


WHAT 


condensers: 


5. Additional steam lanes to 
shorten path of, and re- 
sistance to, steam travei. 


Dual Bank Two-Pass Divided Water Box 
Steam Condenser with 32,500 sq. ft. of 
condensing surface. Condenses 175,000 
Ibs. steam/hr. This unit was installed in 
a large municipal power station. 


Steam Condensers Vacuum Equipment e 
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One of two C.H. Wheeler Dual Bank, 
Divided Water Box Steam Condensers 
installed in eastern power station. This 
condenser has 105,000 sq. ft. surface; 
condenses 950,000 Ibs. steam/hr. 


Lower absolute pressure, 
higher vacuum 

“Zero” condensate tem- 
perature depression 
Deaeration to 0.01 cc. per 
liter in many cases 

C.H. Wheeler makes a 
complete line of Surface 
Condensers, Barometric, 
and Low Level Jet Con- 
densers for every applica- 
tion 


Centrifugal, Axial and Mixed Flow Pumps 


. 
. 
. 
. 


Lightweight, compact steel-shell Tubejet 
Main Air Ejector. C.H. Wheeler makes a 
wide range of Air Ejectors for dependable 
removal of air, gas or vapors; many have 
been in service for more than 30 years! 


Wheeler Mfe. Co. 


| 


PRINCIPLE WORKS 


Left Side Shows Normal Operation: Water enters 
inlet A with right port open, flows through tube 
bank C to rear of condenser; then it returns 
through tube bank D to front of condenser and 
discharges at point marked E. 


Right Side Shows Reverse Flow: Sluice gates move 
ona common stem. Water flows up through chan- 
nel B, through tube bank D to rear of condenser; 
returns through bank C to front of condenser. 


@ 


In the C.H. Wheeler Divided Water Box design 
each half of the condenser can be back-flushed 
independently of the other. 


“Pull-out’’ feature of C_H. Wheeler Con 
densate Pumps permits pumping ele 
ment to be removed without disturbing 
pipe connections. Circulating and Con- 
densate Pumps are made in all sizes 


197TH & LEHIGH AVENUE 


PHILADELPHIA 32, PA. 
Marine Auxiliary Machinery © Nuclear Products 
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HERE'S HOW THE “REVERSE FLOW’ 
9. 


Con EDISON'S NEW ASTORIA STATION 
DRAWS HIGHLY CORROSIVE, SALTY COOLING 
WATER FROM THE EAST RIVER. TO PREVENT 
SHAFT FAILURE FROM CORROSION 
ON THE FOUR 68,500 GPM PUMPS, 
CON EDISON ENGINEERS 
SPECIFIED "K" MONEL* 
AGE-HARDENABLE 
NICKEL-COPPER 
ALLOY SHAFTS. 


HAVE YOU A METAL PROBLEM? 
THEN FIND OUT MORE 
ABOUT MONEL. HOW IT CAN HELP 
YOU EXTEND EQUIPMENT LIFE... 
REDUCE MAINTENANCE COST. 
WRITE FOR BULLETIN, 
“ENGINEERING PROPERTIES 


OF MONEL” 
IT'S FREE ON REQUEST. 


OF MONEL SEAMLESS TUBING! 


A NEW COLD-DRAW SECTION OF INCO'S HUNTINGTON WORKS 
IS CAPABLE OF TURNING OUT 5,000 MILES OF SEAMLESS 
MONEL TUBING A YEAR. MORE THAN ENOUGH TO GO THE FULL 
LENGTH OF THE AMAZON RIVER! THE 85-FOOT 
LENGTHS ENABLE ENGINEERS TO TAKE ADVANTAGE OF 
GREATER HEATING AREA IN FEEDWATER HEATER TUBE 
BUNDLES, AND TO EFFECT ECONOMIES BY SPECIFYING 
LONGER HEATERS OF SMALLER DIAMETER! 


Sturdy "cea legs” 
Man-Made Island! 


SHEATHED IN MONEL, THE LEGS OF OFFSHORE RADAR 
PLATFORMS ARE PROTECTED FROM DANGEROUS CORROSION 
IN THE VICINITY OF THE WATERLINE.MONEL RESISTS SALT 
WATER...SALT AIR...GALT SPRAY. A NATURAL CHOICE FOR 

HANDLING BRACKISH AND CORROSIVE COOLING WATERS. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street rN New York 5, N. Y. 
INCO, Nickel Alloys 


*Registered Trademark 
TRACE 


More POWER for you... with MONEL 
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Cochrane developments in Steam Specialities 


patterned many of today’s 


power equipment advancements 


In 1885, the oil separator was developed and manufactured by 
Cochrane. This singular development in the removal of oil and other 
contaminants from exhaust steam permitted the practical recovery 
and utilization of such exhaust by industry. More than fifty years ago 
another outstanding Cochrane contribution to the field of steam 
specialty equipment was introduced ...the Multiport Relief and 
Control valve. 
Today, there is a Cochrane steam specialty for practically every 
power plant and process requirement: 
. for the protection of turbines, engines, pumps, superheaters and 
other equipment from water slugs, oil, dirt, etc. 
... Safety and relief of overpressures 
. drainage and continuous discharge of condensate 
...inerease of heat transfer efficiency in process equipment by con- 
tinuous drainage of condensate, returning it to boilers at high 
temperature and pressure. 
With a history of ninety-four years in the development and manufac- 
ture of power plant and process equipment, Cochrane salutes Power 
Magazine on its seventy-fifth anniversary. When you have a problem 
in steam or condensate control, call Cochrane . . . pioneers in steam 
specialties. 


Steam Specialties 
Continuous Blowoff Systems * Steam Purifiers * Oil Separators « Multiport Relief Valves 
Multiport Drainers Dischargers Receiver Separators * Exhaust Heads C-B Condensate 
Return Systems 


Water Conditioning 


Demineralizers * Hot Process Softeners * Hot Lime Zeolite Softeners + Zeolite Softeners 
* Solids Contact Reactors * Dealkalizers * Pressure and Gravity Filters * Hydromatic Single 
Control Valves for lon Exchange Equipment 


Deaeration 
Tray-Type Decerators * Atomizing Decerators + Jet-Tray Deaerators * Cold Water De- 
aerators * Surface Type Deaerating Hot Water Heaters 


Winnipeg 1, Canada—Representatives in 30 principal cities in U.S.; 


Coch oe xe oe Cochrane Water Conditioning Ltd., Toronto 4, Montreal 1, 


Paris, France; La Spezia, Italy; Mexico City, Mexico; Havana, Cuba; 


Hawaii; Manila, Philippine Islands. 


NEW YORK PHILADELPHIA CHICAGO products. 


STEAM PURIFIER 


C-B SYSTEM MULTIPORT RELIEF VALVE 


Caracas, Venezuela; San Juan, Puertc Rico; Santiago, Chile; Honolulu, 


MULTIPORT DRAINE 
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EXPERIENCE 


denser 
45,000 Sq. Steam Jet Air Ejector 


sate Cool 


ondenser Service & Engineering Co., Inc., has designed, 
built and installed hundreds of CONDENSERS of all 
types; single and multi-pass; divided and non-divided flow; 
for engines and turbines; both power plant and water works 
types. 


Spe design data that is well known and well understood 
in the industry, CONSECO adds a thorough and com- 
plete understanding of maintenance and operation problems 
and the introduction of features to simplify and economize 
in these items. 


4 te he extensive maintenance and repair experience of our 
organization on CONDENSERS OF ALL TYPES and 
makes enables us to contribute much to the simplification 
and performance of CONSECO units. 


r 


CONSECO DESIGNS, BUILDS and 
ENGINEERS 


ALL EVAPORATING, FEEDWATER HEATING, CON- 
DENSING, AIR REMOVAL AND CONDENSATE 
COOLING EQUIPMENT REQUIRED IN ANY 
THERMAL POWER GENERATING PLANT. 


CONDENSERS @ EVAPORATORS @ DEAERATORS 
@ CONVERTERS FEEDWATER HEATERS 
STEAM JET AIR EJECTORS 


Send for this —> —_— 


CONSECO Bulletin on j 


Steam Condensers 


to help you 1 
cut power costs 


CONDENSER SERVICE & ENGINEERING INC. 


HOBOKEN: Oldfield 9-4425 
NEW YORK CITY: BArclay 7-0600 
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Designers and Builders of Equipment for Power, Refining, Chemical and Marine Industries 
Ge SS al 
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YUBA HEAT TRANSFER DIVISION 


General Sales Offices and Plant — Honesdale, Pennsylvania 


THE NAME TO WATCH IN 


HEAT TRANSFER EQUIPMENT 


HEAT EXCHANGER DIVISION OF 


Important to every user of heat transfer equipment is the acquisition of the 

Heat Exchanger Division of The Lummus Company by Yuba Consolidated 
Industries, Inc. The management, sales and engineering personnel, as well as 
the designs, patents, and manufacturing facilities of the former Lummus oper- 
ation at Honesdale, Pennsylvania, are now part of the YUBA nation-wide organ- 
ization. YUBA is proud of the opportunity to identify its name with the long 
established recognition enjoyed by Lummus in the power industries, as well as 
in the chemical and petroleum processing fields. The continuing pioneering 
development for which Lummus has been known, and its existing commitments 
and obligations, will be carried forward in every phase under the YUBA 
name. For your current and future requirements consult YUBA first. 


Eastern Division Sales Office —385 Madison Ave., New York, N.Y. 


Other Yuba Consolidated Industries, Inc. Plants: Buffalo, N.Y. * Richmond, Calif. * Benicia, Calif. 


YUBA 


CONSOLIDATED INDUSTRIES, INC. 
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CONDENSERS 


Thoroughly experienced design engineering and manufacturing staff. 
Every Marind job is backed by this Company’s international 


reputation for outstanding quality, service, performance. 


Industrial Products Division 


MARYLAND SHIPBUILDING & DRYDOCK COMPANY 
POWER © INDUSTRIAL EQUIPMENT BALTIMORE 3, MARYLAND e Representatives in Principal Cities 
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film type 
exchangers 


(Condensers—Coolers—Evaporators) 


Patent Nos. 1,935,270 - 2,057,597 - 2,424,441 


River water, well water or brackish water are 

all alike to this exchanger because it can be 
cleaned while in operation! The water distributing 
ferrules need only be removed successively for 

the cleaning brush or tool whereby the tubes receive 
additional water which sluices away the 

dislodged dirt. 


Vogt Film Type Exchangers are operating with 
real economy of first cost, operation and 
maintenance in power, petroleum, and chemical 
industries. They serve as Jacket Water Coolers, 
Feed Water Heaters, Hydrocarbon Evaporators, 
Sulphuric Acid Coolers, and Sulphur Dioxide 
Condensers, and can be designed to cool or heat 
any liquid and to condense or evaporate any fluid. 


TOP: Four units at Newton Falls, Obio 
Municipal plant cool water for diesel 
engines and a lubricating oil cooler. 


Bulletin HE-7 describes typical installa- 
tions of Vogt Film Type exchangers and 
BOTTOM: Jacket Water Coolers serving is available upon request. Dept 24A-XP. 


engines of 7,300 HP in the compression 
plant of a Western Oil Refinery. 


HENRY VOGT MACHINE CO., LOUISVILLE, KY. 


Branch Offices: NEW YORK, CHICAGO, CLEVELAND, DALLAS, PHILADELPHIA, 
ST. LOUIS, CHARLESTON, W. VA. 
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Faster installation! Rectangular condensers can be 
75TH ANNIVERSARY 


shipped in “‘bigger chunks” . . . less field welding. 


Waste no space! Rectangular condensers require less 


headroom, fully utilize all space under turbine. 
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DENSERS |...another great 


timesaver for station 


erection schedules 


SAVE TIME—Basic simplicity of rectangular condenser 
design makes it possible to ship “bigger chunks of 
capacity.” Building-block assembly speeds rigging; field 
welding is drastically cut. With its flat base, it is quickly 
and easily leveled. Westinghouse rectangular condensers 
can get you on the line faster. 


SAVE SPACE—As station ratings go higher and higher, 
equipment gets bigger. That’s when space utilization 
takes on increasing importance. Westinghouse rectan- 
gular condenser design uses all the space under the 
turbine—wastes none. 

BOOST EFFICIENCY —Two things, above all, you want 
from a condenser: Lowest possible absolute pressure, 
maximum reheating and deaeration of condensate. With 
its two-compartment radial-flow design and consequent 
short steam path to center air offtakes, a rectangular 
condenser provides lowest pressure drop. Uniform fall 
of condensate and the counterflow of steam from the 
lower steam belt liberate oxygen and assure deaerated 
condensate at saturation temperature. 


Get the full story on Westinghouse condensers, circulat- 
ing pumps, condensate pumps and air ejectors 
from your Westinghouse representative; or write 
Westinghouse Electric Corporation, P. O. Box 868, 
Pittsburgh 30, Pennsylvania. J-50595 


you CAN BE SURE...iF iTS 


Westinghouse 


Boost efficiency! Lowest pressure with maximum re- 
heat; condensate falls uniformly through belt of steam. 
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.--for central intelligence reporting 


NIAGARA MOHAWK 
chooses 
TRANSMITTERS 


882 


ee 


Relaying of operating condition information . .. a most important 
job if the numerous controllers, totalizers and actuators are to function 
accurately ... is the task intrusted to USG pneumatic transmitters 
in the new unit #67 at the Huntley Station of Niagara Mohawk. 
They were selected by Hagan Chemicals & Controls, Inc. to work 
as components of the Hagan complete combustion control system. 
The sensitivity of the USG transmitters .. . 0.1% of full scale... 
plus sturdy, dependable construction, were important factors in their selection. 
Temperature and pressure intelligence relayed by the 
transmitters is picked up where necessary by USG 314” duplex receiver 
gauges, similarly chosen for dependable performance. 
These instruments are part of a line of control instruments 
that includes the USG pilot, used and specified by many of the 
largest control valve manufacturers. 


Information on these and other instruments for indication and 
control is obtainable from your USG distributor 
or the factory. For transmitter, pilot or 
receiver gauge data, ask for Catalog 510. 


STATISTICS ON THE NEW UNIT 67 

AT THE HUNTLEY STATION 
Capacity 1,470,000 Ibs./hr. 
Pressure—2400 P.S.I. 


Temperature—1050° F. 
1000° F. Reheat 


U N iT ED S TATES GAUGE Rating —200,000 KW 


Combustion Control by Hagan 
1 Division of American Machine and Metals, Inc. Chemicals & Controls, Inc. 


Sellersville, Pa. 


Neorest Distnbutor 
tn The 
‘Yellow Pages’ 


ee 


Engineering Design—Niagara 


Home of the SUPERGAUGE 
1 f Mohawk Power Corp. 


MORE THAN 50,000 TYPES OF GAUGES » SUPERGAUGES e SOLIDFRONTGAUGES e RECEIVERGAUGES e TEST 
GAUGES RECORDERS e CONTROLLERS TRANSMITTERS PSYCHROMETERS AVIATION INSTRUMENTS 
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power field today and tomorrow VIL 


Tomorrow’s equi pment for 


INSTRUMENTATION 
AND CONTROL 


% major I&C trends (pp B*332-333)—-what's behind them, 


where they stand today, how fast theyll move in the future 


More powertul analytical techniques, more accurate com- 
ponents and new concepts will help match control systems to 


the needs of tomorrow’s complex plants 


Functional grouping of controls will provide an important 


key to better instrumentation and control system designs 


Automatic digital information gathering systems are here 
today. Automatic digital control is still years off 


Nuclear-power-plant controls meet a bold new challenge 
by putting the emphasis on safe, reliable operation 
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These major control-system trends point the way toward more 
4 


Centralized control 


The most obvious trend in recent years—centralized 
control—will continue to gain favor, but more than 
likely, with a new twist. We can expect to see full 
centralization of operating controls, separating them 
from performance and test instruments. 

How far can we go in centralizing? This question 
is being mulled over now by users and instrument 
makers. Today's centers include controls for boilers, 
turbines, plant electrical functions, even line switch- 
ing. But, clearly, the operator can’t give his full 
attention to an unlimited panel area. 


Transmission media 


Both electrical and pneumatic transmission will con- 
tinue to hold important positions in future control 
systems. Today, most pneumatic transmitters are lim- 
ited to about 500 feet because of time lag; but they're 
generally less costly than their electrical and elec- 
tronic counterparts. In the months ahead, we can 
expect transistors to bring down size and improve 
reliability of electronic instruments. These units will 
be electrically actuated with hydraulics supplying 
power to the final control element. 

Recent EFI survey of 46 utility plants shows that 
about 50% of boiler control systems use air. Balance 
use electric, electronic or combination arrangements. 


System components 


Modular design 


Controls manufacturers are stepping up use of stand- 
ard interchangeable components. We'll see even more 
of this practice in the future. It’s based on the fact 
that a control component doesn’t differentiate between 
measured variables—steam flow, tank level, etc. Com- 
ponent still deals with air, electric, hydraulic signals. 

A small inventory of these modular components is 
kept on tap by user. If trouble develops in transmit- 
ter, receiver, relay or selector station, he removes it 
from system, plugs in new component. He needn't 
consider whether system is for pressure, level, etc. 


Graphic representation 


A trend toward the graphic panel delevoped in the 
late 1940’s. Its prime advantage was reduction in size 
of control boards, making them easier for the opera- 
tor to follow. A byproduct of the trend was the “min- 
iature” instrument which occupied less panel space. 
But today the fully graphic panel has its opponents 
too. They argue that the instrument supervisor doesn’t 
need graphics. He must be familiar with the plant or 
he wouldn’t be in the control room to begin with. 

Newest offshoot of the graphic-panel concept is 
graphic representation. Here the flow diagram ap- 
pears at side of the control board with blinker lights. 
Instruments are arranged separately. 


Spurred by new approaches to systems 


planning and more powerful analytical 


methods, instrumentation and control 


have made great strides. Tomorrow’s 


I&C role looms even larger 
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efficient operation of more complex plants 


Combined power-system controls 


At least one major company will soon take the wraps 
off a combustion and load-frequency control system 
designed as a single package. The single system will 
supervise power-service operation from the fuel source 
to the kwhr user. 

Pushed by more complex plants and sprawling dis- 
tribution systems, we have been moving in the direc- 
tion of a combined system for some time. AIEE 
survey of 138 companies points out that 72 of them 
have load frequency control. And, significantly. five 
have load-frequency and combustion control tie-ins, 


Continuous oxygen analysis 


Adoption of some form of continuous flue-gas analysis 
is indicated in a recent EEI survey which shows that 
46 companies use O. or CO, analyzers. O. instruments 
outnumber CO, almost four to one. 

In most cases, the analyzer is used as a combustion 
guide to check on validity of fuel and air-flow meas- 
urements. Where either small or large plants burn 
multiple fuels the O. analyzer is invaluable. 

In at least one case. the analyzer is a controller 
sending signals to combustion control system. 

With manufacturers hard at work improving gas- 
sampling reliability and sampling speed. oxygen 
analysis for automatic control may soon take firm hold. 


Today’s advanced control techniques owe much to 
their early development in the power field. Closed- 
loop control systems were pioneered in power plants 


almost 40 years ago. Since that time, the power’ 


services have been a proving ground for an almost 
endless number of developments that have pushed 
the controls art to new heights. 

But this has truly been a 24vay street; in the 
same period, controls had much t\ do with boost- 
ing electric generating efliciency from roughly 34 


lb of coal per kwhr to *, lb. And other power «. 


services—-air conditioning with its zone controls, 
electrical distribution’s load-frequency control sys- 
tems—have reaped the full measure from a dynamic 
controls technology. Yet, the ultimate in controls 
is nowhere in sight. We will witness many new 
and fundamental developments in the months and 
vears ahead. And, no doubt, engineers will some 
day look upon today’s control methods as_rela- 
tively crude ancestors of “truly modern” control. 
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Data-handling systems 


A variety of data-handling systems have bowed into 
the power field in recent months and we can expect: 
more to follow suit in the months ahead. Applica- 
tions vary from engineering problem solving, employ-| 
ing digital computers, to data collection and logging. 
None are truly automatic control systems, though| 
full-automatice digital contro] is still long-range. 
More accurately, today’s data-handling systems come 
under the heading of automatic information gathering 
systems. What does the future look like for this 
glamour area of the controls field? See pp B*338-339, 


Performance measurement 


As power-service systems get larger, it will become 
economical to seek out and correct the causes of 
smaller variations in system efficiency. We'll need 
better ways of measuring variations. One instrument 
maker puts it this way: “Instrument manufacturers 
are being forced to the conclusion that commercial 
instrumentation used up to the present is primarily 
for... guiding operation of the plant. While records 
are valuable for reference and useful in determining 
performance, basic instrumentation has neither in- 
herent accuracy nor arrangement for precise perform- 
ance determinations. highest possible efficiency.” How 
to lick the problem? See pp B°336-337. 


In the paragraphs that follow we'll survey present 
practices in instrumentation components. and take 
a look at where theyre headed in the immediate 
future. Well also look at the advances in systems 
analysis and fundamentals that hold the key to 
tomorrow's approach to automatic control. 


Primary measurements 
Pressure--force per unit area—is one of the most 
important of controlled variables. For the power 
services, pressures range from less than an inch 
of mercury to several thousand psi. And they must 
be measured accurately. Because of the broad 
range, numerous pressure-measuring elements have 
heen developed. They vary from direct means such 
as spiral and Bourdon gages for high pressures to 
inferential methods such as thermal (hot wire) 
gages for high vacuums. 

\ relative newcomer to the field is the pressure 
transducer. Its based on electrical interpretation 
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Accurate fast-response com- __ 
ponents, backed up by bei- 
ter analysis methods will up 
system performance 


of pressure. Common design uses the strain-gage 
principle. The strain gage itself consists of a wire 
grid bonded to the surface of a small piece of 
Bakelite impregnated paper. When the gage is 
cemented to the surface subjected to load, the wire 
grid stretches, changing its electrical resistance. 
By measuring resistance changes (with a potentio- 
meter), we indirectly measure pressure. ‘Trans- 
ducers are compatible with the highest pressures 
the power field will be required to measure for many 
years to come. 

Temperatures that concern power men are in the 
range of —200 to well over 1000 F. To meet the 


the controlled fluid, and the power unit, which oper- 
ates this element, falls the task of executing control- 
system commands faithfully. Sluggish response here 
can be as harmful to close regulation as measuring 
or transmission lags. 

Instrument makers and users attach increasing sig- 
nificance to the final control element. In_ recent 
months, wraps have been taken off new designs and 
more are certain to follow. Refinements in these units 
include greater use of valve positioners, wider choice 
of materials, rapid-response power units, better inner- 
valve designs. 

Most common pneumatic power unit, the diaphragm 
motor, will continue to hold its key spot. The dia- 


The final control element: key link in the loop 


To the final control element, which changes flow of 


requirements of this wide spectrum, researchers 
constantly see new principles of measurement, iny 
proving on existing methods. 

Over certain temperature ranges, we have a wide 
selection of measuring elements. But range is only 
one of several key factors. Sensitivity, accuracy, 
response speed, cost, expected useful life, corrosion 
resistance—all need to be considered. 

Briefly, present measuring practice breaks down 
like this: filled system (vapor, gas, mercury} 
thermometers from —150 to LOOO F: resistance 
thermometers from —100 to 600 F; thermocouples 
from —300 to 2700 F; radiation (optical) pyro- 
meters from 200 to 7000 F. We'll see more of 
radiation techniques for extremely high tempera- 
tures or in situations where it’s impractical to con- 
tact the area being measured. 

Liquid, vapor and gas flow measurement—of key 
importance to the power services—has been the 
subject of several recent developments. But dif- 
ferential-pressure (orifice plate, flow nozzle. ven- 
turi tube) methods still are most frequently used. 
They're simple. easy to use and readily adaptable 
to electric or pneumatic transmissions. 

Area-type flowmeters fit directly in the flow line 
and require no orifice plates or other primary ele- 
ments. Pressure drop across the meter body is 
constant while flow area varies. For viscous fluids 
at least (oils, black liquor, ete), we can expect 
stepped-up use of these meters. 

Newest flow-sensing elements depend on electri- 


phragm is simple, sensitive to air-pressure changes, 
well-suited to many general-purpose control jobs. 

The valve positioner—-an auxiliary air pilot system 
with separate air power supply—insures fast, accurate 
response to small signal changes. It is particularly 
useful on large valves or where wide-band control is 
needed. Pointing up the trend: Many instrument 
engineers are now specifying valve positioners on all 
diaphragm motors for proportional control. 

The power cylinder—either built into the valve 
assembly or as a separate drive unit-—is getting the 
nod on a growing number of applications. It’s ideal 
for positioning dampers or other final control ele- 
ments requiring more power and a longer stroke 
than the diaphragm motor can develop. 
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cal and magnetic techniques. Une design employs 
a bucket-wheel rotor that spins freely between sup- 
ports in the flow line. A powerful magnet inside 
the rotor produces an ac signal with a frequency 
directly proportional to flow rate. These units can 
measure accurately, continuous or intermittent flow 
of chemicals, liquefied gases and solutions contain- 
ing suspended particles at temperatures to 1000 F, 
Range is from 0.08 to 5200 gpm. 

Recently developed methods of liquid-level meas- 
urement make use of radioactive materials. The 
gamma-ray system is based on the change in the 
number of gamma rays that can penetrate a layer 
of liquid. As layer thickness increases, the number 
decreases. Gamma-ray source is a minute quantity 
of radioactive material such as radium salts. 


Controllers 
A distinguishing mark of the modern plant is its 
inability to tolerate control time lags. Lacking 
“flywheel effect.” it requires faster. more accurate 
control response. To meet this need, more con- 
trollers will lean toward sophisticated control modes 

combinations of proportional, automatic reset 
and rate action. 

On the question of pneumatic vs electrical and 
electronic controllers, we're likely to witness  in- 
creasing use of all three types. 


This is largely 
because no one design will cover the full range 
of what is certain to be a fast-growing list of jobs. 


Remote transmission 

Remote transmission of measurements — sending 
instrument signals over relatively long distances 
has many advantages: safety. economy, convenience. 
Where high-pressure high-temperature fluids are 
present, remote transmission eliminates hazards by 
permitting control from a safe location. Thus, 
we ll see a strong trend continuing in this direction. 

Recent findings of EEI questionnaire covering 
direct vs transmitted pressure for oil, hydrogen, 
h-p steam and water systems backs up this think- 
ing. Of 46 answering companies using some form 
of remote transmission (either electric or air or 
both), 634. were on steam systems, 50‘. on water 
systems, 794% on oil systems. 

Telemetering. extension of the in-plant transmis- 
sion idea, fills an important need in the far-flung 
power, pipeline and water-supply systems of today. 
As these systems continue to grow, telemetering 
will take on even greater importance. Carrier cur- 
rent is the most common transmission medium on 
power systems, with private lines. leased lines and 
microwave following, in that order, 
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Advancing controls analysis 


The “new” control engineer, in his search for 


answers to the complex problems posed by 
modern power-service systems, is girded with 
the modern tools of mathematics and analysis. 
Today, feedback control, an analysis tech- 
nique widely used during World War II to 
solve such problems as positioning of weapons, 
control of guided missiles. is firmly estab- 
lished in the industrial controls field. Broadly 
speaking, we call such feedback systems servo- 
mechanisms (from the Greek word “servus,” 
meaning slave). They're actuated by the dif- 
ference between desired response and the re- 
sponse actually obtained. This difference is 
generally called the error. 
Frequeney - response analysis, an off- 
shoot of the feedback technique, is begin- 
ning to take hold in the power field. Its pur- 
pose: to develop stable control systems of 
maximum corrective speed. To do the job, it 
compares the output signals of system com- 
ASME has 


recently standardized on the Bode diagram, 


ponents with their inputs. The 


drawing above, for presentation of frequency- 
response data. 

Future potential of frequency - response 
analysis is virtually unlimited. As manufac- 
turers begin to supply such response data on 
their equipment, control engineers will know 
(before units are installed), the control ac- 


tions needed for most eflicient operation. 
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Computers will take on more power-service jobs in central control rooms of the future... 


Systems engineering 


As plants become more complex, more 
instruments are finding their way into 
the control center. In the future, they — 


will be split into functional groups, sim- 


plifying the control job 
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Operation-signal 
transducers 


Continuous monitors, 
hi-low alarm, 
optional read out 


Per formance-signal 
transducers 


Performance 
computer 
(analog) 


Scanning: 
monitor 
alarm signal 


lAnnunciator 


lndicotors & recorders 


Operating panel 


+ 


Progammer: 
automatic from alarms 
manual selection 


Analog or Digital 


Card or tape | High-speed 


records: print out: or teletype digital 
Record Print, tape punch print out 
integrate print ‘average, 

integrate 


Automatic 
control system 


OPERATION 


and we can expect to see operating controls separated from performance, test instruments 


In the strict sense of the word, there’s nothing 
new about systems engineering in the power-service 
controls field. Instrument men have been engineer- 
ing control systems for years. 

Today, however. the term appears to be taking on 
an added meaning—-complete integration of control 
system design with the system it serves. The con- 
trols expert is called in and works closely with 
the. power-service equipment engineer from the early 
stages of design. Net result is a better control 
system and equipment that’s easier to control. 

One future trend, stemming at least in part from 
the systems engineering approach. is separation 
of operation, performance and test instruments. 
Here, according to P S Dickey. president of Bailey 
Meter Co, is the thinking behind it: 

In the day-to-day operation of steam power 
plants, efficiency variations occur that are difficult 
to avoid, even account for. On large units, it be- 
comes economic to invest substantial capital to 
track down these relatively small efficiency dips. 
This requires precise performance figures on an 
essentially continuous basis. To do the job without 
overburdening the already crowded control center, 
instrumentation is split into three major groups. 
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PERFORMANCE TEST 


First group includes instruments needed to guide 
the operation. All indicators and recorders neces- 
sary to guide the operator during start-up, normal 
and emergency operation fall into this class. Basic- 
ally, it will be a somewhat simplified version of 
today’s control center. 

Second group will consist of data-gathering and 
processing equipment required for precise per- 
formance measurement. 

Third group will transmit data to high-speed 
scanners. We can expect digital techniques to take 
hold here because of the great number of readings 
and complex programming. 

Advantages? They look like this: The control 
center for large power plants can be simplified 
because the operator will only require instruments 
for guiding him in reliable operation of the unit. 

Precise performance data will be gathered and 
processed outside the control center. 

Incremental cost data can be sent continuously 
and directly to the load dispatcher. 

Of key importance: Test data, taken and_ in- 
terpreted continuously during early operating stages 
of a plant. will lead to earlier correction of design 
faults and help builders to improve later designs. 
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Electric signol input 


Manual 
or 


selector 


Monitoring and logging 


Here today, for better supervision of power 
services, is the combined automatic log- 
ging, monitoring and indicating system, 
left. It yields an automatically tvpewritten 
record of plant operating conditions in 
seconds, spots off-normal data, calls your 
attention to it by audible and/or visual 
signais and eliminates the potential human 
error inherent in hand logging. 
Typical program for this type of system 
would be a logging cycle on the hour, 
Servo positioner continuous scanning at one point per sec- 
d between logging cycles and digital 
indication of abnormal conditions. A simi- 
; lar system #8 now in use at the Neches 
Analog to digital Station of Gulf States Utilities Co, Beau- 
mont, Texas. Profiting by the experience 
of such pioneering installations, we can 
expect future data-handling systems to play 
a bigger role in power-service control. 


Scale fact 
adjustment 


Programmer 


High-low alarm ond 
point identification 


High- low set point 


toward fully automatic digital control of the power 
services: diagram, facing page. 

How close are we to full digital control of the 
power services? Chances are. we won't see it for 
years. Many experts even question the wisdom of 
it. But data handling is here today and will find 
its way into many plants in the months ahead. 
Here's how its future shapes up: 

First, and most important, success or failure 
will depend on development of the right methods— 
in the language of the computer engineer, program- 
ming. The first programmed data-handling systems 
are already in service for determining steam-power 
plant performance on a continuous basis. While 
only scant experience data is available. their future 
looks bright. Instrument makers have announced 


Data-handling systems will 
play a key role in control 


of the power services 


We've already viewed one byproduct of the new 
systems engineering approach—functional separa- 
tion of instruments. Clearly, the modern data- 
handling system gets much of the credit for making 
this separation feasible. 


Systems 

Basically, data-handling systems fall into four 
major classes: measuring, logging, indicating and 
monitoring. These functions can be performed 
separately or they can be combined to form more 
complex systems. All four represent important steps 
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stepped-up research and more power companies are 
ordering data-handling systems that include one 
or more of the four basic functions. 

Second, feeling runs strong among the experts 
that data handling will supplement rather than 
replace analog (line-drawing) instruments for some 
time to come. They argue that chart recorders show 
rates of change better. The digital recorder doesn’t 
give the operator a visual picture of data trends. 

Possible limitation of present digital systems 
is their cost. But as design is simplified—by tran- 
sistorized circuitry for instance—relative cost drops. 
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The automatic control system of tomorrow? 


Pictured, above, is what may well be considered 
the ultimate in complete automation: using the 
digital computer to do rapid corrective-action fig- 


uring and to provide automatic feedback to a 
power service. At least on a commercial basis, 
such systems are still several years away. 


Some power jobs for the digital computer 


While the digital computer has yet to be used for the 
complete automatic control of a power process (com- 
bustion, for instance) it has taken on a host of important 
power jobs. And the list of prospects grows almost daily. 
Some already tried or on tap for the immediate future are: 


Turbine valve-point loading 
A turbine loaded at a valve point (several valves in full- 
open position, remainder fully closed) is working at maxi- 
mum efficiency at that loading. Put another way, a tur- 
bine operating off a valve point is running less efficiently 
because of steam passing through a throttled control 
valve. Thus. if all turbines in a system. except one. are 
loaded at selected valve points. and if that one is free 
to move under governor control (to meet small steam 
demand variations), result is maximum efficiency. 
The digital computer is a natural for valve - point 
loading because of its ability to perform many arithmet- 
ical operations rapidly. In brief. the computer figures 
division of load between turbines by totaling kw demand 
and steam flow in all possible combinations for the tur- 
bines. These are compared to arrive at the loading scheme 
that yields the highest kw output per lb steam per hr. 
Since the computer works with absolute rather than 
relative values. answers are absolute. They tell when a 
turbine should be taken off the line, and they reveal the 
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best valve points and load on the “floating” turbine. 
The Dow Chemical Co has reaped handsome savings 
by using digital computers to load their turbines. 


Short-circuit problems 

Selecting circuit breakers and setting up protective re- 
lays require detailed short-circuit figuring. Until recently, 
the Bonneville Power Administration did the job with 
a network analyzer (an analog-type instrument). Now, 
employing a digital solution, they get faster, more ac- 
curate results. Data preparation time is less. engineer’s 
time isn’t needed for running the study after data has 
been prepared, and the digital method is more flexible— 
completely automatic. 


Generalized heat balances 

Steam-cycle heat balances are needed when power plants 
are in the design stage so feedwater-heating cycle com- 
ponents can be chosen. Existing plants need them to 
find out the effect of changed components on cycle per- 
formance. But long-hand calculation of heat balances is 
tedious. Computers have been available for several years 
to do this job. Until recently. their limiting factor was the 
time and expense involved in setting up a calculation 
program. Now, using the generalized or building-block 
technique, programming time can be trimmed drastically. 
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Controlling the atom: Instru- 


mentation meets a new chal- 


lenge by stressing safety and 


equipment reliability 


A close look at today’s nuclear reactor plants shows 
no universal agreement regarding the best type of 
design. Much the same is true for the control sys- 
tems that serve them. 

Each reactor plant built thus far contains a dif- 
ferent controls arrangement, featuring varying me- 
chanical designs. But. as we might expect. they 
share a host of common problems. As a result. sev- 
eral controls concepts have become firmly estab- 
lished, and others are certain to bow in soon. 


Reactor-control philosophies 
Basically. the present approach calls for a control 
system and auxiliary components that are super- 
safe. If a serious accident were to occur, the public- 
relations problem would hurt our reactor programs 
for years to come. So we can expect super-safe 
thinking to be inherent in future nuclear controls. 
From the safety viewpoint alone, most experts 
favor extensive automatic control over manual con- 
trol. Here’s why: Although automatic control sys- 
tems can fail, they can be made to fail safely, And 
when an automatic control system is operating. it 
never makes a mistake. We can't say the same for 
the human operator, 


Control objective 
Despite functional differences in reactors—experi- 
mental. production and power types—-instrument re- 
quirements fall into two broad groups: (1) control 
of the nuclear reaction (2) control of processes 
associated with reactor operation. Objective of re- 
action control is to stabilize nuclear fission at a set 
rate. Excessive neutrons that would otherwise speed 
up the rate and cause a violent reaction, are ab- 
sorbed by solid metallic rods in the reactor core. 

Instruments are in four channels: start up, log 
power and period, control, safety. Start-up channel, 
(facing page. top, shows typical design) accurately 
indicates neutron intensity at lower power levels 
present during reactor start up. 

Log power and period channel overrides the 
start-up channel when the reactor reaches a preset 
power level. It indicates reactor power level con- 
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tinuously over the entire operating range and shows 
the rate of power change up to full power operation. 

Control channel (facing page, bottom, shows a 
typical design) automatically positions control rods 
to maintain a constant operating level while the re- 
actor is running at full power. This channel also in- 
cludes manual control for reactor start up. Major 
differences in today’s nuclear controls—largely a# 
result of different reactor designs—-show up most 
clearly in the control channel. In the future, as we 
standardize on one reactor type or even several types, 
we ll see greater similarity of control-channel de- 
signs. 
Safety channel includes all components necessary 
to shut down (scram) the reactor rapidly when pow- 
er exceeds the maximum safe level or when the rate 
of power-level change is too fast. It also is equipped 
to handle positive slower scramming. 


The outlook 

Nuclear-energy instrumentation will change mark- 
edly in the next few years. Important gains will be 
made by new solid-state devices and electronic in- 
struments. Atomic instruments of the future will 
need to be more sensitive in order to make use of 
the weak radiations of such isotopes as tritium. 
Also, instruments will cost less than their present 
counterparts because of anticipated standardization 
and advanced production technologies. 


A bright future for 


radiation instruments 


Intruments that measure radiation and use these 
measurements for control are almost daily finding 
new industrial applications. They’re already avail- 
able commercially for measuring liquid level, thick- 
ness, density of materials and gases. In the future, 
tracers will be used to locate buried pipelines, trace 
underground water. contro] stream circulation rates. 

In some cases, radioactive isotopes seem to be 
the ideal, if not the only solution to difficult instru- 
mentation problems. Density measurements of coarse 
slurries, a dificult problem in the past, may be 
solved by applying these techniques. 

Some instrument makers predict that radio- 
isotepes will account for their greatest market 
growth in the years ahead. They cite a total market 
in 1954 (for radiation instruments of all kinds) 
of $65,000. The 1958 market may well soar to $10 
million. Key factor in this bright future is con- 
tinued development and use of nuclear power. 
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Start-up channel 


The start-up channel provides accurate indi- 
cation of neutron intensity at the lower power 
levels that exist during start-up of the reactor. 
System components vary, depending on the 
specific reactor type and on-the-job variables 


Control channel 


Servo Temperature The control channel automatically positions 
amplifier recorder the control reds to maintain a constant oper- 


ial ating level throughout the period when the 


and reactor is operating at full power. This chan- 
tachometer 


Power nel also has manual control for reactor start-up 
set 


trol 
Sensing element 


Heot - 
exchonger Governor 


MD 


Turbine Generotor 


pr------| 


Feedwoter 
control 


Feedwoter - 
control 
element 


Primary 
coolant pump : Feedwoter pump 


POWER * SEPTEMBER 1957 * 75TH ANNIVERSARY 


1 
4 
i 
Load. 
J. 
341 


The human element in control 


As the controls task becomes 


Group 2 
instruments 


more exacting, human engi- 


neering plays a greater role 


Group | 
instruments 


Operator 


Group 3 
instruments 


Despite the tremendous strides we are making in 

improving the art of control, the human element 

will remain the focal point of the control center for 

many years to come. Plainly aware of this fact, in- aaa 

dustry is paying—and will continue to pay—more PHYSICAL GROUPING of instruments by 
function will simplify the operator's job 


attention to the human-engineering aspects of con- 
trol-room design. 

As we've already seen, pp B*336-337, the basic 
objective will be to confront the instrument super- 
visor only with controls that truly assist him in his 
job—with minimum psychological strain. Such an 
approach will improve control efficiency and keep 
the length of control panels to a minimum without 
crowding instruments. 

Philosophies of panel design now fall into two 
broad classes: unit and combined. The unit design, 
in a sense. is an extension of the unit system of 
boiler-turbine design. One or more panels contain 


all controls needed for the mechanical operation of Cee ie: ' 
one unit. One man operates such a panel while FOCAL POINT of this control center is 
another operator, or operators, patrols the boiler- the: carr view controls 


turbine areas. 
In contrast, the combined approach utilizes a 

master panel for two or more units. The control 

room is generally open on one or more sides. Con- vin se ‘ 

trol-room operators also perform the functions of 

equipment operators. Thus, the kind of operators 

we ll need in future control centers will be closely 

tied to control-center design. 
Typical of the heavy emphasis human engineer- 

ing is getting in the modern control room, is the 

plan at right. Group 1 instruments must be at- 

tended or manipulated by the operator; group 2 

must be in constant view of the operator; group 3 

require only periodic observation. Such designs 

are certain to exert a strong influence on tomor- 

row’s instrumentation and control panels. 
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advances in utility control valves. 


about which little is known? 


utility 


control valves 


today 


Called upon to develop control valves with 
maximum resistance to erosion and corrosion 
in high pressure, high temperature steam 
and boiler feedwater services, Leslie engi- 
neers had two factors in their favor—a 50- 
year tradition of introducing new ideas in 
steam controls and the ability to get to the 
root of a problem fast, and objectively. 


What Resulted 

Not only have valves with remarkable re- 
sistance to erosion been put into service but 
they were the first valves ever introduced for 
services as high as 2500 psi, 1050 F with 
renewable trim that can be completely 
changed in 15 minutes downtime! 

Leslie pioneered new uses of hard facing 
alloys for high pressure, high temperature 
control valves, just as it pioneered the use 
of stellite in normal pressure ranges over 
20 years ago, when it became the standard 
seating surface for all Leslie steam regula- 
tors and control valves. 


Companion Developments 
Companion developments for tomorrow’s 
high pressure and temperature control valves 
include the industry’s first large size, fully 
balanced, single seated control valve, in 


This advertisement is a round-up of recent 


How do you design control valves for 
high pressure — temperature services 


Leslie engineers faced this problem 
when asked to develop control valves 
that would allow utilities to cross 

the threshold into Btu-saving, high 
pressure — temperature steam generation. 


Tomorrow's 


| 


The Leslie Class DLHS-2 Diaphragm Control Valve 
has shown remarkable resistance to erosion in high 


sizes up to 16 inches; its first self-contained 
regulator to act as a combination pressure 
reducing and remotely operated shut-off valve 
in soot blower service, and the industry’s 
first remote manual valve for centralized 
control of start-up drains. 


For the After Tomorrow” 


A startling new concept in high pressure 
control valves—one that offers increased 
rangeability and throttling action with tight 
shut-off is now being made ready for field 
tests in high pressure applications. Other de- 
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pressure, high temperature service. 


oo Three Special Data Sheets Available 


The following Engineering Data Sheets are available on request from 
Leslie Co., 235 Grant Avenue, Lyndhurst, New Jersey: 
@ Selection of Control Valve Body and Trim Material for Flashing Mixtures, 
© Flow of Flashing Mixtures, Globe type Bodies. 


® Viscosity Correction for Sizing Control Valves. 


signs incorporate a new “protected seat” 
feature for maximum erosion resistance un- 
der extreme pressures and flashing mixtures. 
These advances also reflect the kind of 
engineering incorporated in the broad line 
of standard Leslie control valves suited for 
many normal-pressure, utility services. But 
more important, we like to think that these 
advances justify the faith placed in Leslie 
Co. by the power industry in providing new 
opportunities and challenges to design and 
produce controls for the applications of to- 
morrow’s steam generating stations. 


REGULATORS ano CONTROLLERS 


LESLIE CO., 235 GRANT AVENUE, LYNDHURST, NEW JERSEY 
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What are your needs for 


YARWAY COLOR-PORT 
WATER LEVEL Two-coior readings 


GAGE tow maintenance 
increased availability. 


You get a triple advantage with the 
Yarway COLOR-PORT boiler water 
level gage for pressures to 3000 psi. 


Two-color readings are brilliant and 
clear. Water shows green; steam 
shows red. A full gage is all green 
and an empty gage all red. 


Low maintenance with individual 
cover-glass assemblies, each held 
solidly in place by four socket head 
cap screws. ‘Floating assembly” 
design applies safe, predetermined 
loads on glass ports, reducing 
thermal shocks, permitting faster 
warm-up. 

Increased availability means longer 
service life. Cover glass assemblies 
can be serviced in place, easily and 
quickly. 


Yarway Bulletin WG-1814 describes 
the Color-Port Gage. Write for it. 


YARNALL-WARING COMPANY 
100 Mermaid Avenue 

Philadelphia 18, Pa. 

Branch Offices in Principal Cities 
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boiler water level indication ? 


YARWAY REMOTE 
LIQUID LEVEL 
INDICATORS 


Boiler water levels and other liquid levels requiring 
remote indication can be handled completely by 
a Yarway system. 

Heart of the system is the Yarway Remote 
Liquid Level Indicator that gives instant, accu- 
rate readings because the mechanism 1s operated 
by the boiler water or other liquid itself. The 
pointer mechanism is never under pressure. Clear, 
“wide vision’”’ face permits easy readings from 
any angle. 

The Yarway Indicator conforms with A.S.M.E. 
Boiler Code Committee ruling (Case #1155) per- 
mitting two independent remote level indicators 
of compensated manometric type to replace one 
of two required gage glasses for boiler pressures 
900 psi and above. 

Electronic Secondary Indicators can be added 
at any point in the plant. Remote Hi-Lo Alarm 
Signals (lights and/or horns) can be connected 
for additional safety. 

Primary indicators fully compensated for every 
pressure change in boiler also available. 

For permanent record of changing levels, the 
Yarway Hi-Lo-Graph Recorder can be furnished. 

Over 10,000 Yarway Remote Indicators have 
already been installed. For full details, write for 
Yarway Bulletin WG-1824. 


YARNALL-WARING COMPANY 
100 Mermaid Avenue, Philadelphia 18, Pa. 
Branch Offices in Principal Cities 


FULLY COMPENSATED 
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for completely 
accurate indi- 
cation under 
every boiler op- 
erating condi- 
tion 
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Forty-Seven 


THSTRUMENTS 
AND CONTROLS 


Years 
Instruments 
and Controls 


A BRIEF HISTORY OF THE REPUBLIC FLOW METERS CoO. 


FIRST STEPS—1910 


J.B. CUNNINGHAM 


Back in 1910—nearly half a century ago—a Chicago 
young man named James D. Cunningham borrowed a 
few thousand dollars to set himself up in business— 
to make and sell the “improved steam meter’’ designed 
by Professor George Gebhardt of the Armour Institute 
of Technology. 

The Professor was already a leading figure in steam 
engineering. He was dedicated to sound design, plant 
testing and efficient operation. He knew that these 
could not be achieved without some practical way to 
measure the amount of steam coming from a boiler or 
going to any piece of steam-using equipment. 


GEBHARDT 
STEAM METER 


G.F. GEBHARDT 


Gebhardt’s improvement on the Burnham Steam Meter 
was a neat and convenient instrument. All it needed 
was a three-quarter-inch pipe tap into any steam line 
to insert the pitot-tube probe and obtain a direct 
measure of steam-flow rate from the level of condensate 
in the gage glass. 

Here, the Professor suggested, was a golden opportu- 
nity for the young man to go into business for himself. 
So was born the Republic Flow Meters Co. 
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Long on enthusiasm, but short on cash, Jim Cunning- 
ham operated for a while on a hand-to-mouth basis. He 
would build a few meters and peddle them to the 
nearby power plants. Then, with new cash in hand, he 
could afford to build a few more. And so on. 


ELECTRIC 
FLOW METER 


J.M. SPITZGLASS 


Before long Cunningham had worked himself out of this 
shoestring stage and was ready to step out with some- 
thing completely new in the field of instrumentation— 
something utterly different from the simple Gebhardt 
Steam Meter. The new Republic Electric Flow Meter 
was launched in 1914, only four years after he had 
started in business for himself. 


The new meter, designed by J. M. Spitzglass, Vice 
President and Chief Engineer, delivered its flow signals 
to simple electric instruments on a “remote’’ panel 
located anywhere within half a mile of the test point. 
The only resemblance to earlier meters was in the start- 
ing point, the traditional pitot tube in the fluid-flow line. 

Differential pressure from the pitot tube positioned 
the level of a mercury surface directly under a series of 
vertical conductors of graduated length. Each conduc- 
tor was so arranged that contact with the mercury sur- 
face would short out one element of a series of electrical 
resistances. 

Thus an increase in the fluid flow to be measured 
would (1) increase the pitot differential, (2) raise the 
mercury level, (3) submerge additional conductors, 
(4) cut out more resistance from the circuit, (5) allow 
more current to flow to ammeter-type instruments on 
the board, (6) give direct flow readings on the calibrated 
dials and charts. 
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This ingenious and daring innovation offered impor- 
tant advantages: no moving parts, no friction, no pack- 
ing or stuffing boxes, no reasonable limit to the separa- 
tion of measuring element and instrument board, no 
piping connections to the instrument board. 


YEARS OF 
EXPANSION 


€.H. FREEMAN 


The following years were a period of steady technical 
growth and commercial expansion in the field of power 
plant instruments. A Republic promotional broadside 
in 1930 reported “During the last five years industry 
has purchased more Republic Flow Meters than all 
other remote reading types combined’’. Key Republic 
personalities pictured and catalogued in the folder in- 
clude James D. Cunningham, President and Founder; 
Jacob M. Spitzglass, Vice President and pioneer de- 
signer of electric flow meters; Professor George Geb- 
hardt, Technical Advisor; Professor E. H. Freeman 
(Armour), Research Consultant. 


Professor Freeman is listed as the inventor and de- 
signer of the Republic Indicator, Recorder and Integra- 
tor ‘‘which are free from the effects of voltage or fre- 
quency variation’, thereby overcoming a limitation of 
the original Republic Electric Flow Meter. 


PIONEER 
COMBUSTION 
CONTROL 


c.H. SMOOT 


Meanwhile another independent stream of control tech- 
nology, initiated by the genius of Charles H. Smoot, 
Sr., had grown great and was soon to merge with 
Republic’s instrument business. 

Smoot will stand in history as one of the great pio- 
neers of automatic control. He appears to be the first 
man ever to create and apply complete centralized auto- 
matic combustion control in a power plant. That was in 
1922 at the Sherman Creek Station of the United 
Electric Light and Power Company, New York. 


Here it is important to stress the words ‘‘complete”’ 
and “‘centralized”’. For simple control is an ancient art. 
Even James Watt’s steam engine had a flyball governor 
to control speed. In the combustion field, automatic 
damper regulators were coming along when POWER 
Magazine was born seventy-five years ago. They opened 
the draft when steam pressure fell. 

What Smoot did at Sherman Creek was something 
vastly different. When the turbine electrical load in- 
creased, his system precisely adjusted every combus- 
tion element to match the increased steam demand. 
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Smoot used air pressure as a control-signal medium 
and hydraulic fluid as motive power to operate servo 
motors. First a drop in steam pressure would raise the 


air pressure in the station’s master controller. This 
central ‘“‘brain’’ of the system would then increase the 
air pressure to the draft and fuel feeding controls, to 
increase the combustion rate and feed fuel (then by 
stokers) fast enough to keep up. Meanwhile an inde- 
pendent control kept furnace draft “in balance’’. 


“FEEDBACK” IN 1923 


But Smoot’s highly engineered controls did far more 
than cause the combustion elements to ‘‘turn on the 
heat”? when steam pressure fell. The priceless added in- 
gredient was “feedback’’, the big word in today’s highly 
sophisticated science of control engineering. 


One can grasp the concept of feedback by noting how 
the central control system of the human body “‘steers”’ 
an automobile around a curve. The control makes a pre- 
liminary adjustment, notes what happens, feeds this 
information back to the control center, which then 
“orders”’ a correction. 


In plain English, your car is approaching a road curve 
to the right. Your eye sees the curve and signals its 
approach to your brain—the master controller. Your 
brain “‘orders”’ your hands to turn the steering wheel a 
little to the right as you enter the curve. This first 
setting is fairly close, based on your long driving ex- 
perience. But it is never exact. 

So your car begins to edge over to the right shoulder 
or creep toward the center of the road. Your eye imme- 
diately detects this and “‘feeds back”’ the information 
to the brain which then “‘orders”’ the hands to correct 
the wheel setting by a slight twist to right or left. 

In the power plant, Smoot’s precise feedback arrange- 
ments made it possible to maintain optimum fuel-air 
ratios while matching both fuel and air feed to the load. 


CONTINUED ON 


NEXT PAGE 


1910-1957 


REPUBLIC 
TNHSTRUMENTS 
ANO CONTROLS 


FORTY-SEVEN YEARS OF PIONEERING 
IN INSTRUMENTS AND CONTROLS 
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Forty-Seven 
Years of 
Pioneering 

in Instruments 
and Controls 


CENTRAL STATIONS 
TO AUTOMATIC 


Even back in the early twenties, when coal was deliv- 
ered to eastern plants for a few dollars a ton, some of 
the bigger stations had yearly fuel bills running into the 
millions of dollars. Any one who could save even two or 
three percent was the ‘“‘white-haired boy’’. The Smoot 
controls invariably outperformed even the most meticu- 
lous hand control, so other big stations installed the 
system—notably Hell Gate in New York and Hudson 
Avenue in Brooklyn. Also some of the big industrials — 
such as Ford Motor, Edison Lamp, Crucible Steel and 
Corning Glass. In most cases the substantial invest- 
ment paid off in the very first year. 

Yet, first cost remained a mental hurdle to many 
smaller plants that could well justify complete control 
even at the existing price levels. Also, the owners and 
engineers of the smaller central stations, and of most 
industrial plants, were somewhat awed by the elabo- 
rately scientific and custom-made character of the 
Smoot System. 

Here entered the Republic Flow Meter Co. Mr. 
Cunningham saw that automatic control was fast be- 
coming the big end of instrumentation. He decided that 
Republic, as leader in the field of flow measurement, 
must prepare to play a similar role in the field of com- 
bustion control. 


SMOOT 
MERGES WITH 
REPUBLIC 


The Smoot System of Combustion Control, already 
highly perfected technically—and proved and accepted 
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by power-field leaders—was the natural way in. So, in 
1934, as American business began to dig its way out 
of the great depression, Republic acquired the Smoot 
Engineering Company. 

Republic found it had much to add to the creative 


genius embodied in the Smoot designs. There was real 
need to standardize design and production to bring 
prices down to a level that would attract the mass of 
potential users in industry and the smaller central sta- 
tions. The company went to work along these lines. 


Meanwhile Republic started an educational campaign 
to convince the new control prospects that ‘“‘you, too, 
can afford” to own the perfect control system. 


BIG VALVES 
FOR “TOPS” 


In the control field one thing leads to another. Begin- 
ning some ten years earlier a small number of special 
valves for high pressure drops had been made by Smoot 
for special applications. That’s how Republic eventu- 
ally found itself in the valve business—not valves in 
general, but big highly specialized ‘‘reducing stations” 
to throttle steam from 1200 to 1400 psi down to 300 to 
400 psi at 925° F. 


It happened this way: By the late twenties, high 
steam pressures —1200 to 1400 psi—had ‘“‘arrived”’ and 
some new plants were building at these pressures. 
Meanwhile the power industry had hundreds of millions 
of dollars tied up in “low pressure” plants operating in 
the 300-400 psi range. These plants were good for many 
more years of service. Also their capacity could not be 
spared because system loads were booming. 


“Topping” was the logical way out. Plant after plant 
would superimpose a 1200 to 1400 psi boiler and turbine 
on the existing plant. The high-pressure turbine would 
be so sized that its exhaust would just supply the exist- 
ing turbines. In this way the entire existing plant was 
salvaged except for the low-pressure boilers. Even some 
of these remained for emergency standby. 


“Topping” upgraded the whole plant to modern effi- 
ciencies. It conserved most of the original investment. 
And it added new capacity at minimum cost. For these 
reasons topping continued for some years until the 
existing opportunities were used up. 


For emergency and other reasons every topping in- 
stallation required a big reducing station standing 
ready to bypass the high-pressure turbine and “‘spill’’ 
the high-pressure steam directly into the low-pressure 
main after necessary desuperheating. This called for 
elaborate controls. Along with the controls, Republic 
was soon furnishing the valves as a single responsibility. 
In a short time Republic led the entire field in develop- 
ing such valves and became the major supplier of this 
equipment. 
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SECRET 
WAR WORK 


One important era of Republic’s work must be passed 
over in near silence. During World War II most of 
Republic’s engineering and production time was de- 
voted to government orders—especially to supplying 
controls and special equipment to the Atomic Energy 
Commission. 

With the War’s end Republic embarked on another 
pioneer operation—developing its electronic system of 
combustion control. The original Smoot system was 
based on air pressure. Air had great advantages in the 
early days. It was simple and certain in its operation. 
It could do double duty as a signal fluid and as a motive 
power to operate servo motors. 


But air had two faults—springiness and time lag. 
Also pipes were harder to string than wires. And by 
1950 the electronic art had advanced enormously. A 
means was found by which any inherent unreliability 
of electronic devices could be bypassed without hazard 
or inconvenience of plant operations. 


ELECTRONIC MASTER 
BORN 


So, in 1950, Republic launched its new electronic control 
system—the Electronic Master. The new system re- 
tained the original concept of a master controller send- 
ing instructions to separate controllers for fuel feed and 
combustion air. However, it sent its instructions by 
electrical voltage rather than by changes in air pressure. 
The system used a “null voltage’’ arrangement to 
eliminate all errors from line resistance. 


CONTROL 
MATCHES SIGNAL 


6 


Omitting all mention of amplification and other elec- 
tronic details, one can describe the new signal system as 
a Wheatsone bridge with one pair of legs at the sending 


REPUBLIC FLOW METERS CO. « 


end and the other pair at the receiving end. A drop of 
steam pressure moves a slide wire to unbalance the 
sending end of the bridge. The resulting voltage un- 
balance is transmitted to the receiving end where servo 
motors instantly reposition a slide wire to restore the 
Wheatsone balance. As a result, the two slide-wire 
arms (sending and receiving) move together as if they 
were connected by a solid shaft. 

This is Electronic Master—the original brilliant 
Smoot idea of complete centralized combustion control, 
reborn to fit the electronic age. Today there are 97 
boilers with a total generating capacity of 89 million 
pounds per hour being operated automatically by the 
Republic Electronic Master. 


> REPUBLIC 


MERGES WITH 


ROCKWELL 

Republic’s move early this year into the industrial 
family of Rockwell Manufacturing Company has pre- 
sented it with new opportunities in the field it helped 
pioneer—the application of electronics to instrumenta- 
tion. Republic automatic control ‘““know-how’’ will 
now be employed in solving problems of automation, 
through automatic controls, for Rockwell’s broad line 
of industrial equipment. 


CUNNINGHAM 
VIEWS THE 
FUTURE 


What’s next? Looking back over 47 
years of instrument-control pioneer- 
ing, President Jim Cunningham re- 
calls that the “perfected” equipment 
of each period always ended up asa 
take-off point for something better. 
So he feels that Republic must al- 
ways push ahead into new fields. 


REPUBLIC 
INSTRUMENTS 
ANDO CONTROLS 


Chicago 


A subsidiary of the ROCKWELL MANUFACTURING COMPANY 
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That's s why we at K&M have inves 
0 heavily in rigorous quality fod 
is our product life insurance. 
we use a total of 
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dimensional tests in checking out 
‘the kind that could become major 
Oldest Pressure and Level Control 
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REPRESENTATIVE USERS OF 
DIAMOND “UTILISCOPE’’ 
IN POWER PLANTS... 


Alabama Power Company 
Appalachian Electric Power Company 
Arkansas Power & Light 

Atlantic City Elec. Co. 

California Electric Power Co. 

Carolina Power & Light Co. 

Central Hudson Gas & Elec. 

Chubu Electric Co. 

Chugoku Elec. Power Co. 

Cincinnati Gas & Electric 

Columbus & Southern Ohio Elec. Co. 
Omaha Public Power District 
Connecticut Light & Power Co. 

Dayton Power & Light Co. 

Duke Power Co. 

East Kentucky Rural Elec. Cooperative 
Florida Power Corp. 

Gulf States Utilities 

Hawaiian Electric Co., Ltd. 

Illinois Power Company 

Indiana & Kentucky Elec. Corp. 

Indiana & Michigan Elec. Co. 
Indianapolis Light & Power Co. 

Jersey Central Power and Light 

Kansai Elec. Power Company 

Kansas Gas & Elec. Co. 

Kansas City Power and Light Co. 
Kentucky Utilities Co. 

Kyushu Elec. Power Company 

Board of Water & Elec. Light Commission 
Long Island Lighting Company 
Louisiana Power and Light 

Mill Power Supply Company 

Minnesota Power & Light Co. 

Montana Dakota Utilities Co. 
Monongahela Power Co. 

New Brunswick Elec. Power Comm. 
New Orleans Public Service 

New York State Elec. and Gas Co. 
Niagara Mohawk Power Corp. 
Northern States Power Co. 

Ohio Edison Co. 

Ohio Valley Elec. Corp. 

Oklahoma Gas & Elec. Co. 

Pacific Gas & Elec. Co. 

Palestine Elec. Corp. 

Philadelphia Electric Co. 

Public Service Elec. & Gas 

Puerto Rico Water Resources Authority 
Rochester Gas & Elec. 
Rockland Power & Light Corp. 
San Diego Gas & Elec. Co. 
Saskatchewan Power Corp. 
South Carolina Generating Co. 
Southern California Edison 
Tokyo Elec. Power Co. 

Toledo Edison Co. 

Utah Power & Light Co. 
Virginia Electric & Power Co. 
Western Mass. Elec. Company 
West Penn Power Co. 
Wisconsin Public Service Corp. 
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“UTILISCOPE” 
CAMERA 


“UTILISCOPE” 
RECEIVER 


(WIRED TELEVISION) : 
HEAVY DUTY 
QUIPMENT FOR 
ISUAL INFORMATION 


The Diamond “Utiliscope” makes possible the 
ultimate in automation for power plant control. 
It enables the operator to see clearly anything 
that requires visual check. He no longer need 
depend upon indirect interpretations to know 
what is happening outside his range of vision. 

The operator in the above photograph is 
watching the ITV image of the water level in two 
boilers . . . transmitted by “Utiliscope” cameras 
focused on Diamond Bi-Color water gauges. The 
water levels are easily and unmistakably read 
on the viewing screens. There can be no error... 
the level is shown correctly or there is no picture. 

The Diamond “Utiliscope” is heavy duty equip- 
ment for power plant application. Other power 
plant uses are: watching flame conditions in 
boiler furnances, watching smoke emission from 
stacks, and watching remote entrances for in- 
truders. Have you explored the ‘‘Utiliscope’s” 
resources for saving money and improving opera- 
tion? Use the coupon below for further information. 


DIAMOND POWER SPECIALTY CORP. 
ELECTRONICS DEPT., P.O. BOX 57GG 
LANCASTER, OHIO 
Please send me without obligation a copy of bulletin 


showing how Diamond Industrial (Wired) Television 
will help me reduce costs and improve operations. 


AUTOMATION IN 


7800-A 


| 
IN 39 PRINCIPAL | | 
Limited — Windsor, Name | 
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The Luvls V. Sutton Plont uses centralized control for each unit, All instruments are of the miniature 
type, permitting a reduction in size of panel. Engineers and constructors: Ebasco Services, Incorporated, — 


It’s Copes-Vulcan Combustion Control 
at Louis V. Sutton Plant! 


Units 1 and 2 in the Louis V. Sutton Steam- 
Electric Generating Plant of Carolina Power 
& Light Company are equipped with Copes- 
Vulcan combustion control. This modern sys- 
tem features simplicity of circuit design, with 
independent control loops on air flow, fuel load- 
ing and furnace draft. Interconnection of the 
control loops is eliminated because of the speedy 
response of each of the components. 

Station and controller design facilitates re- 
mote switching from automatic to manual, or 
manual to automatic. Variations in circuit de- 
sign would provide for shortening tubing runs 
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between controllers and drive units, valves or 
other controlling devices, should transmission 
lines become excessively long. 

Modern Copes-Vulcan combustion control 
systems offer many advantages that will help 
you reduce production costs. In addition, from 
this one dependable source, you can get a fully 
integrated system including feed water control, 
boiler feed pump recirculation control, steam 
temperature control and automatic soot blow- 
ing. Your Copes-Vulcan representative has the 
ideas, information and experience to help you 
choose the system best suited to your needs. 
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For a complete description of the Sutton Plant 
control system, see your Copes-Vulcan representa- 
tive, or write the factory for Bulletin 1032. 


Vulcan long retractable soot blowers are in- 
stalled on Units 1 and 2. Both soot blowing 
systems feature auvtomati ntial control, 


Copes-Vulcan RW-2E wall de-slaggers 
on Unit 2 have dual-motor electric drive. 
One motor extends and retracts the 
lance, the other rotates the nozzle, 


COPES-VULCAN DIVISION 


BLAW-KNOX COMPANY 


ERIE 4, PENNSYLVANIA Copes-Vulcan boiler feed pump recirculation 
valves on Units 1 and 2 open automatically 
when water flow falls below a pre-deter- 
mined minimum. When flow reaches a pre- 
determined maximum controller closes the valve. 
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The Low-Down on Boiler Plant 
Control Systems—Chapter 3 


Three months ago we 
set out to explain the 
fundamentals of a boil- 
er plant Instrumenta-~ 
tion system. To review, 
we pointed out that 
the gadgets on a typi- 
cal instruments panel 
(see sketch) are used 
to provide informa- J 
tion and to control variables in the com- 
bustion process. 

For example the draft gauges (labeled 
A) provide information on variations of 
gas or air pressure or draft. The flow 
meters (labeled B) measure fuel and 
water flow into the boiler and the flow 
of steam from the boiler. Now to the 
Combustion Controls. 

Once upon a time there was a com- 
pany treasurer whose eyeballs did not 
flash dollar signs when the subject of 
saving fuel was mentioned. But there has 
never been one since. That’s why Auto- 
matic Combustion Control was born. 

Basically Combustion Controls (C on 
panel diagram ) are a series of black boxes 
whose function is to automatically con- 
trol fuel and air for the most efficient 
combustion in the boiler furnace for any 
rate of steam output from the boiler. Like 
any self-regulating system, they operate 
on the ‘‘closed loop”’ principle (see dia- 
gram). The Master Control is the GHQ 


WATER, 
Five 
GAS 


THE HAYS CORPORATION 


of the system, getting steam pressure re- 
ports constantly from the boiler and 
flashing instructions on to the Fuel Feed 
and Air Flow Controllers. 


As steam pressure rises and falls, the 
Master Control automatically flashes 
loading signals to adjust the flow of fuel 
accordingly. The fuel is metered on its 
way to the boiler and the rate of flow is 
reported to the Air Flow Controller, 
which automatically adjusts the air flow 
to provide the most efficient fuel /air ratio. 
And, to make things even more complex, 
the Master is consistently comparing 
“‘what it did’’ with ‘‘what is needed.”’ 
Result: steam delivered at the lowest 
possible fuel cost. 

Combustion controls can be operated 
pneumatically, hydraulically or electri- 
cally. Our preference is distinctly in 
favor of electricity. It’s clean... avail- 
able... does not freeze, drip, harden, 
leak or gurgle. 

The Hays Electric Combustion Con- 
trol (to pick a name at random) also has 
a host of other advantages, which we will 
elaborate on next month. (If you'd like a 
preview, send for our bulletin 55-605-83, 
a veritable treasure trove of information 
on Boiler Plant Instrumentating. ) 


Thoughts While Shaving 


Has it occurred to you that, even back in 
the 30's, a steam station with a crew of 
thirty people could handle a series of 
operations many times more complex than 
some of today’s highly touted automated 
process plants ? That power plant engi- 
neers have been deeply involved in “‘sys- 
tems engineering” (the newly discovered 
automation tool ) for quite awhile ? That, 
when it comes to fascinating, efficient 
control rooms, the power industry doesn’t 
have to take a back seat to anyone ? 
Maybe we've been caught with our Pub- 
lic Relations down! 


‘he 


President 


MICHIGAN CITY, INDIANA 
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for the man 
considering 
a PACKAGE 

BOILER 


new all-electric 
METERING AND 
POSITIONING TYPE 
PACKAGED CONTROL 
by HAYS 


Automatic Combustion Control 
Boiler Panels * CO» Recorders 
Veriflow Meters and Veritrol 
Gas Analyzers * Draft Gages 
Combustion Test Sets 
Electronic Oxygen Recorders 
Electronic Flowmeters 
Electronic Feed Water Controls 
Miniature Remote Indicators 


MICHIGAN CITY 3, INDIANA 
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UNDER THE CONTROL ROOM at the H. A. 
Wagner Station Unit #1 of the Baltimore Gas & 
Electric Company, showing Revere COPPER Tube 
at the right and left. Revere ALUMINUM tubes 
in CRESCENT ARMORED MULTITUBE are used 
for the long runs to this point because of the 
lower cost of aluminum tubing. 21 runs of 
ARMORED MULTITUBE comprising 140 alumi- 
num tubes enter this panel at top and bottom 
center. Note sharp bends that can be made with 
both Revere COPPER and ALUMINUM Tubing. 
MULTITUBE made by CRESCENT INSULATED 
WIRE & CABLECOMPANY, Trenton 5, New Jersey. 


CRESCENT relies on REVERE 


for dependable performance of its instrumentation and control tubing 
. REPORTS, “NOT ONE FAILURE.” 


The dependable performance of Revere Copper Tube in 
Crescent Armored Multitube*, ever since its inception, 
has led the CRESCENT INSULATED WIRE & CABLE 
COMPANY to fill its aluminum tube needs with Revere 
also. 

In fact, Crescent, since it first started using Revere 
Copper Tube in 1953, reports not a single failure. And 
that’s mighty important in instrumentation and control 
tubing service where utilities, chemical processing, pe- 
troleum, paper and similar industries can’t afford the 
luxury of process failures. 

Crescent Multitube, using. either Revere Copper or 
Aluminum Tube, or both in combination, offers a com- 
pletely protected installation for permanence, lower orig- 
inal installation cost, lower maintenance and a saving of 
time, space and money. 

Crescent Armored Multitube consists of a group of 
Revere Copper or Aluminum Tubes, twisted together in 
cable form, protected by a flexible interlocked galvanized 
steel armor. Constructions are available employing plastic 
sheaths in combination with the armor for corrosive 
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locations. Section of cabled tube pictured shows how 
Copper or Aluminum Tubes are encased inside the 
Armored Multitube. As many as 37 tubes of 1%4’’ OD can 
be cabled in lengths up to 1,000 ft. 

For details on Multitube write Crescent and for uniform 
quality copper and aluminum tube, speedily delivered, 
see the nearest Revere Sales Office. #Reg. Trademark 


REVERE COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, N. Y. 


Mills: Rome, N. Y.; Baltimore, Md.; 
Chicago, Clinton and Joliet, IIL; 
Detroit, Mich; Los Angeles and 
Riverside, Calif.; New Bedford, 
Mass.; Brooklyn, N. Y.; Newport, 
Ark.; Ft. Calhoun, Neb. Sales Offices 
in Principal Cities, Distributors 
Everywhere. 
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The world’s first full-scale atomic © 
plant for civilian needs, utilizing a pressurized 
water reactor, will go into operation this year 
at Shippingporr, Pennsylvania. Te has been 
designed and ‘constructed ‘by Westinghouse 
Electric Corporation for the Atomic Energy 
Commission and is to be operated by Duquesne 
Light Company. 

Norwood Comzols’ ELECTROSYN SYS- 
TEM and other’ special Norwood instrumen- 
tarion control the primary plant in 
this history-making installation. EleceroSyn is 


a reliable, rugged, flexible, completely electro- 
magnetic null-balance ‘system designed for a 
wide variety. of applications in the atomic, 
chemical processing and gas and petroleum 
refining and transmission fields. At PWR it 
measures, indicates and controls pressure, flow, 
level, temperature, etc, 

A power reactor system demands the utmost 
in reliability and accuracy of its control instru- 
mentation ~- which is ome way of saying 


“ElectroSyn” 
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in PWR, FIRST U.S. full-scale 


a -.. power station ... controlled by 


ELeEcTROSYN SYSTEM 


Norwood Controls’ Power and 
Temperature Control Panel and 
Auxiliary Instrument Panel (at 
left) are the heart of the PWR 
reactor plant instrumentation and 
control system. Measurement, com- 
putation, auctioneering, alarm, and 
control functions are performed. 


SIGNAL TRANSMITTER 


OUTPUT FROM NULL BALANCE SHAFT ANALOG 
PRESSURE SEVERAL = INDICATING DIGITAL CONVERTER 
RECEIVER 
TRANSMITTERS _ HIGH AND LOW 
TRANSMISSION 
DIFFERENTIAL 
PRESSURE 


ALARM CONTACTS 
ONVENTIONA RE. TRANSMITTING 
POTENTIOMETER 
TRANSMITTER 


RECORDER 


AS AN FEEDBACK LOOP 
ALTERNATING 4 
VOLTAGE 


5 


TEMPERATURE LINEAR DIFFERENTIAL 


DIAGRAM OF POSSIBLE SYSTEM ARRANGEMENTS —= 


rite fo descriptive literature on “ELECTROSYN SYSTEMS” 
NORWOOD CONTROLS UNIT 
CONTROLS 


‘ Division of American-Standard 
: A : 943 Washington Street, Norwood, Mass. 
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ECONOMICAL FROM EVERY ANGLE 


‘AMERICAN’ THERMOMETERS 


No longer is it necessary to fuss and figure what 
angles of stem connection are required in ther- 
mometers for each location. These American “Every 
Angle” Dial Thermometers can be set at any angle 
within 180° on two axes — set at the best angle for 
easiest reading. 

Regardless of what piping arrangements are engi- 
neered into your processes — no matter how many 
times they are revised — the list of American “Every 
Angle” Thermometers in your original specifications 
need not be changed. Equally important, your ther- 
mometer inventory in all required temperature 
ranges and stem lengths will be far smaller. That’s 
real economy — from every angle. 


Bi-metal ... mercury ... vapor pressure — all 
three types of actuation are available in American 
“Every Angle” Dial Thermometers. They are preci- 
sion instruments that assure accuracy within 1% 
of scale range. Their high accuracy is sustained 
throughout service life, whether installed indoors 
or outdoors. 


Make full use of these highly sensitive thermom- 
eters at all important check points in your plant. 
You will maintain product quality far better than 
ever before. Your field operators will be able to take 
readings more easily, more accurately, more fre- 
quently — will save time-stealing trips to the con- 
trol house. Convince yourself of the all-around 
economy of American “Every Angle” Dial Ther- 
mometers. Write for complete information. 


BI-METAL ACTUATED, TYPE 6060AH. 
5” Anti-Parallax Maxivision Dial. 
Temperature Ranges: —80/120 F. 
to +200/1000° F. Stem Lengths: 
4” to 24”. Climate-proof stainless 
steel case. 


MERCURY ACTUATED, TYPE 
6042RM. 442” Anti-Parallax 
Maxivision Dial. Temperature 
Ranges: —20/120° F. to 200 
1000° F. Stem Lengths: 4” to 
24”. Climate-proof glass and 
stainless steel case. 


VAPOR PRESSURE ACTUATED, TYPE 
6040TW. 342” Dial. Temperature 
Ranges:—29/120° F. to 260/450° 
F. Stem Lengths: 3” to 24”. Models 
for indoor or outdoor service. 


Separable sockets can be supplied inall 
materials and sizes normally required. 


SET-ABILITY THAT MEANS FLEXIBILITY IN APPLICATION 


SET IT 

for use as 

a side angle, 
90°, oblique 
or top 
connection 
thermometer. 


} 
SET IT 

for use as a 
straight-form 
thermometer. 


SET IT for use as a standard 90° 
back-connected thermometer. 


SET IT for use as an oblique- 
form thermometer. 


CALL ON YOUR INDUSTRIAL SUPPLY DISTRIBUTOR for experienced counsel in dial thermometer 
selection. You can depend on him for prompt delivery from local stocks. 


In Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 


AMERICAN 


(MAXWELL) 


MAKERS OF ‘AMERICAN’ INDUSTRIAL 


MANNING 
zs 
9 


TRADE MARK 


SPECIALTIES, Muskegon, Mich. 


A product of MANNING, MAXWELL & MOORE, 


INSTRUMENTS, ‘ASHCROFT’ 
‘AMERICAN-MICROSEN’ INDUSTRIAL ELECTRONIC INSTRUMENTS, Stratford, Conn. 
Mass. ‘CONSOLIDATED’ SAFETY RELIEF VALVES, Tulsa, Okla. AIRCRAFT CONTROL PRODUCTS, Danbury, Conn., and Ingle- 
wood, Calif. ‘‘“SHAW-BOX’’ AND ‘LOAD LIFTER’ CRANES, 


ENC. STRATFORD, CONN. 


‘CONSOLIDATED’ SAFETY VALVES, 
‘HANCOCK’ VALVES, Watertown, 


GAUGES, 


‘BUDGIT’ AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING 
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CONTROLS, | 


HAGAN PIFTSBURGH 30, PENNSYLYANDA 


“DIVISIONS: CALGON COMPANY > HALL LABORATOR 
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Hagan systems and Hagan components are at 
work in industrial and utility power plants in 
all parts of the world. These systems, engi- 
neered to meet the most exacting require- 
ments, include combustion control, 3-element 
feedwater control, steam temperature control, 
and many auxiliary systems. Power plant 
engineers have also made extensive use of the 
components, such as the Hagan Ring Balance 
meter, used in these systems. 


A few examples of Hagan installations are 
highlighted on these pages and a partial list 
of Hagan components related to the power 
industry is indicated on the back cover. 
Management, engineers and operating per- 
sonnel have found that the high accuracy, 
sturdy construction, and reliable operation of 
Hagan equipment contributes materially to 
plant efficiency. 


Hagan Equipment has been used by 
Long Island Lighting since 1942. Four 
stations have Hagan control. The 
Hagan systems in use include com- 
bustion control, feedwater control, 
primary metering, etc. 


Niagara Mohawk Albany Station. Hagan 
controls help keep this station on Fre- 
quency Control, despite drastic load 
changes (from 50 MW to 400 MW). 
Hagan systems include combustion con- 
trol, density compensated 3-element feed 
water control plus several minor systems 
and metering. 


Control room at the Long Island Lighting 
Company's E. F. Barrett Station. This care- 
fully engineered graphic panel enables 
a minimum of supervisory personnel to 
keep close check on station operation. 
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HAGAN’S HALL LABORATORIES 


DIVISION HELPS TO SOLVE 
INDUSTRIAL WATER PROBLEMS 


Hall Laboratories provide consultation and 
service on industrial water problems. Their 
engineers are prepared to cope with every 
type of water problem. Such problems may 
begin with water procurement and continue 
throughout the plant wherever water or steam 
is used. Hall service covers every phase of in- 
dustrial water usage . . . from procurement 
through treatment, use and disposal. 

Field service engineers of Hall Laboratories 
are experienced at finding solutions to power 
plant water problems and welcome the oppor- 
tunity to serve your needs. 


HAGAN CHEMICALS 
FOR BOILER WATER CONDITIONING 


The power industry has made wide use of 
Hagan Chemicals. Pioneers in the field of 
boiler water conditioning, Hagan now pro- 
duces many chemicals specifically designed to 
deal with power plants problems. These in- 
clude chemicals for boiler water conditioning, 
for the control of corrosion, antifoams, dis- 
persives and many others. 


CALGON DIVISION CHEMICALS 
FOR COOLING WATER SYSTEMS 


Hagan’s Calgon Division produces chemicals 
for cooling water treatment, for use in the 
treatment of municipal water and process 
water systems. These include corrosion in- 
hibitors, scale removers, stabilizers for iron 
and manganese and specific agents for related 
water problems. 


39 YEARS’ EXPERIENCE IN DESIGNING 


IMPROVING E 


HAGANRK aA 


CHANICAL DUST 


Hall field service engineer consults with 
plant engineer on water treatment problem. 


Calgon and Hagan chemicals condition water against cor- 
rosion, scum, slime, scale and other unfavorable reactions. 
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AND MANUFA RING Al OMATIC CONTROLS 


Shown here is a recent installation at Pittsburgh 
Coke and Chemical Company. Shipped as a 
complete unit, the Hagan Dust Collector is quick 
and easy to install. Effective even in the 1 to 10 
micron range, the Hagan Dust Collector offers 


these additional advantages: 


Lr 


. Maintenance made easy 


Tube erosion is virtually eliminated. Guaranteed 
against tube failure due to erosion for two 
full years. 


. Unique inlet vane design provides exclusive 


Hagan Selective Particle Acceleration, key to 
erosion control. 


. Hagan shaped tops permit close packing of 


tubes, eliminate dust trapping and clogging. 
all parts are 
readily inspected. 


. Meets most rigid existing code requirements for 


coal fired boilers. 
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HAGAN 
CONTROL SYSTEM 


AGAN... HALL... CALGON ... THEIR COMPONENTS 


PRODUCTS, FACILITIES AND ENGINEERING 
AID ARE AT YOUR SERVICE! 


The power industry has found it both practical 

and expedient to look on the Hagan organiza- 

tion as a dependable source for control systems 

and components . . . and for aid in handling 

water supply and conditioning problems. The 

advantages of dealing with one dependable 

source are readily apparent. Your inquiry at a RING BALANCE METERS — Accur- 

our main office — or any one of our 30 district 
many unique features which make for 

offices will receive prompt attention. versatility. Each ring is readily adjust- 

able over a 7 to 1 range, and 

meters may be density compensated. 


POWER POSITIONERS Available 
in a full range of sizes, the Power 
Positioner features integral feedback, 
full power and precision positioning. 


A partial list of effective 
Water Conditioning Chemicals 


HAGAFILM* 


A solid or a liquid emulsion of a protective film- 
forming amine added to boilers or steam lines. 


HAGAMIN* 


A liquid volatile, alkaline amine used in boilers POWRAMP* PRESSURE TRANSDUCER 
for inhibiting condensate corrosion by raising >. — High speed, feedback stabilized 
electronic pressure transducer. Pro- 
vides high sensitivity for pressure 


HAGAN PHOSPHATE* | readout systems. 


the pH value. 


Sodium hexametaphosphate in glass plate form 
for boiler water conditioning. 


SANTOSITE 


Powdered sodium sulphite used in boiler water 
treatment as an oxygen scavenger. 


HAGAN ANTIFOAMS 


Compounds for use as antifoams and for mini- 
mizing formation of sludge. 


DIAPHRAGM TYPE REGULATORS 

— With proportional band and re- 

set characteristics adjustable, this 

tic tr itter type reg 

COAGULANT AIDS provides accurate, modulated con- 

Free-flowing granular compounds of polyelectro- trol of damper operators, control 

lyte and process clay .. . speed the formation : valves, etc. 

of large, tough flocs when used with any stand- 

ard coagulant. 


leat, 


RATIO TOTALIZERS ——- Combine up 
to three incoming signals accurately to 
HAGAN DISPERSIVE ge a produce an output signal pressure. In- 
Powdered organic dispersing agent for mini- B- puts may be added, subtracted or 
mizing scale and adherent sludge in boilers. ' wi oie multiplied. Totalizers may be con- 
are nected to obtain proportional band, 

reset or rate action. 


For more information on these and other related 
water treatment chemicals, write or phone the 
address below. 


V-PORT BUTTERFLY VALVE -— Spe- 
cially designed vane allows exact 
control of gases, particularly at low 
rates of flow. Handles coke oven or 


RIAGL\ CHEMICALS & blast furnace gases easily. 
CONTROLS, INC. 


HAGAN BUILDING, PITTSBURGH 30, PENNSYLVANIA 
DIVISIONS: CALGON COMPANY:HALL LABORATORIES 


FRB DIFFERENTIAL TRANSMITTERS 
— Has the features of Ring Balance 
construction. Available in sizes to 
measure full scale differentials up to 
420” WC at 3000 psig. 


Form No, 401-1-1 
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Jerguson Truscale Remote Reading Gages 
In Designs for The Modern Power Plant 


WARNING FLASHES RED 


Continuously, when boiler water level 
is too high or too low, with the 


NEW RED FLASHER 
TRUSCALE 


You get immediate warning of danger by a continuous red 
‘flashing of the whole face of the New Red Flasher Truscale 
Gage when your boiler water goes too high or too low. This 
positive warning continues until the dangerous condition is 
corrected. 


The Convex Face, with scale markings directly on it, gives 
you full 180° distortion-free visibility ... it’s easy to take 
readings from any point from which the face can be seen. 


Truscale Gages are dependable and accurate. They work on 
hydrostatic heads directly from the boiler drum; they register 


changes of boiler water level to 4 of 1% of scale reading. re ere e Red Flasher Truscale is 
SS the newest model of the 

Truscale Gages give you full protection against dangerous 
boiler water levels . . . they give you the new red flashing for many years. It gives 
warning, they give you full 180° visibility, they give you ac- | E ing of danger. Convex 
curacy. . face has 180° visibility. 


Standard Truscale Inclined Truscale Lights Horn Repeater 


Truscale Gages for Boilers, Deaerators, etc. 
Available in Various Models: 

Red Flasher Truscale, with flashing red warning. 
Standard Truscale, with illuminated scale. 


Inclined Truscale, with cover and scale inclined either up 35° or 
down 24°, 


Accessories for Warning at Auxiliary Points: 


50 years ago Jerguson’s power gages included level gages for Visible and audible alarms . .. lights and/or horns. Truscale 
steamers like this. Repeaters. These miniature copies of the Truscale are precision- 
built electric instruments. Up to 6 may be used to repeat Truscale 
readings at other points. 


Investigate this better warning system today. 
Write for Jerguson Truscale Gage Catalog. 


Gages and Valves 
for the Observation 


of Liquids and Levels 
aat \ \ 


JERGUSON GAGE & VALVE COMPANY 
Today Jerguson Truscale Gages and Standard High Pressure Gages are 


designed to do the job in the most modern power plants. 100 Adams Street, Burlington, Mass. 


Offices in Major Cities. in Canada: Peacock Bros. Ltd. 
In England: Bailey Meters & Controls Ltd. In France: Controle Bailey 
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‘Taylor shows you 6 ways 
TO CUT COSTS 


TAYLOR INDUSTRIAL 
THERMOMETER 


Ideal wherever an ac- 
curate check is needed 
on recording or con- 


trolling instruments. NEW BI-THERM* 
Available in many stand- i » DIAL THERMOMETER 
ard ranges and mount- 00) 

ing angles. BINOC* 
tubing makes it 3-times- 
easier-to-read. 


An easy-to-read, inexpensive, reliable thermometer, 
ideal for pipe line and storage tank service. 3’ or 5” 
dials, 4’, 6”, 9”, and 12” stems. Separable wells. Accu- 
rate to + 1% of scale because unaffected by ambient 
temperatures. Range limits minus 40 to plus 750° F. 


TAYLOR 
6” DIAL INDICATOR 


For temperature and pressure 
measurements. Has an all-new 
design movement for greater 
sensitivity on any type of 
measuring job. New case can 
be flush or face mounted, is 
fume and moisture proof. Big 
selection of standard ranges. 


FULSCOPE* RECORDING 
CONTROLLER 


For desuperheaters, or for 
any close, accurate control 
of temperature, pressure, 
flow or liquid level. Quickly 
adapted to operating re- 
quirements. 


These Taylor instruments 
have been successful for 
years in helping to reduce 
costs, and maintain effi- 
ciency of expensive equip- 
ment. They are accurate, 
and for all their sensitivity, 
are remarkably rugged. 
An experienced Taylor 
aisaiiiaaaiiaas TRANSAIRE Field Engineer will be glad 
TRANSA « TEMPERATURE TRANSMITTER to talk over your partic- 
PRESSURE TRANSMITTER ke d ; ular cost control problems 
ompact and super-responsive. h 
rugged, dep pe Designed to measure and transmit 
curate rep sg id lowe! »” smallest temperature changes up to Taylor instruments can 
with great Pro- help solve them. Write to 
vides dynamic accuracy, thanks to Ta lor Instrumen 
addition to TRANSET®* System derivative action in the measuring cir- t Com 
panies, Rochester, N. Y., 


of transmitters, receivers and cuit. Similar instruments for highly 
controllers. accurate pressure measurement. or Toronto, Canada. 


*Reg. U.S. Pat. Off, 
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For Optimum Pres sure 
72-14 Pressure Cont: 


Proportional « On-Off « Differential Gap 
Indicating Or Non-Indicating 


SAFETY SHUT-OFF 
CONTROL 


@ Three-To-One High Capacity Relay 
BACK PRESSURE CONTROL © Vibration Proof 
® Push Button Cleanout 


© Factory Calibrated 
Feed-Back Bellows 


© Micrometer Adjustment 


OVER 60 YE\ARS 


DIFFERENTIAL PRESSURE 
CONTROL 


\& BrvYson, INC. 
: Controls Division, Dept. 4-Q9 
7500 East 12th Street 
Kansas City 26, Missouri 
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you'll find it in Brown Thermometers 


Here are thermometers versatile enough to be easily adapted to the exact require- 
ments of any application, no matter how highly specialized. And they can be 
just as easily converted from one application to another. 


Key to the unusual versatility of Brown thermometers is the broad variety of 
models, ranges, control forms and accessories available. With such a wide choice 
of features, you can custom-fit these instruments to any job without compromise. 


Use Brown thermometers in the intermediate temperature range, from —125 to 
1000 F . . . for measuring, recording, controlling, programming. As many as six 
separate functions can be combined in one of these thermometers, to reduce 
instrument costs, centralize control at one location, and save space. 


Your nearby Honeywell field engineer can help you gain the many advantages 


of Brown thermometer versatility. Call him today .. he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Division, Wayne and 


Windrim Avenues, Philadelphia 44, Pa. 


@ 1, 2 and 3 pen recording 
for temperature, or for tem- 
perature and pressure com- 
bined. 


@ Variety of bulb and pres- 


sure type thermal elements 
available. 


@ Integral cam programmers 
with one or two measuring 
systems... single, duplex or 
dual cams and control units. 


@ Chart drives for 1, 2, 4, 6, 


12, 24-hour or 7-day revolu- 
tion. 


PNEUMATIC CONTROL UNITS 
@ On-Off control unit—two 
position action. 

@ Throftlor control unit—1 to 
10% proportional band with 
manuol reset. 

@ Full Throttlor control unit—1 
to 150% proportional band with 
manual reset. Rate action can be 
added. 

@ Air-O-Line control unit—1 to 
150% proportional band with 
automatic reset. Rate action can 
be added. 


@ Pneumatic receivers and transmitters for 
transmission of measurement by use of air 
instead of long lengths of sealed capillary 
tubing. Receiving instrument can be as much 
as 600 feet distant from point of measure-: 
ment. 


@ Indexet bellows-positioned set point index 
—varies position of set point in exact con- 
formity with time-pattern of cam program- 
mer of signal from another instrument. 


@ Electr-O-Vane electric control units—oper- 
ate valves, heaters, alarms, signal lights, 
and perform other electrical functions. 
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IN ONE CASE... 

A Brown thermometer with 
two 10% Throttlor control 
units ... two pens... two 
bulbs. It can operate two 
valves or other final control 
elements. 
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Average purchased 
power with Speedomax 
Automatic Tie-Line Control 


Average purchased a 
power with manual 


DEMAND LIMIT 


tie-line control 


When Speedomax automatic control takes over, average incoming tie-line power 
is relatively steady. The operator can adjust average purchased power at the 
highest permissible maximum, and still stay within the demand limit for which 
he pays. See how. much lower his average must be held on manual operation be- 
cause of coincident load peaks which threaten to exceed the demand limit. 


between Speedomax’ automatic control and manual control 


Operating and management 

people in industries making a 

diversity of products . . . machin- 

ery, paper, petroleum, textiles, 

chemicals . . . find that Speedomax 
automatic control cuts costs month after month. 
Here’s why: 

Speedomax electronic stability and mechanical 
stamina, relied on by a majority of utilities for 
their station control rooms and dispatcher’s offices, 
assure fast—and lastingly precise—control action. 

In industrial plants operating interconnected 
with a neighboring utility, this control action is 
provided by Speedomax Tie-Line Controllers to 
obtain economical purchased power, as shown 
above. 


B* 368 


In plants operating isolated, this same control 
action enables Speedomax Frequency Controllers 
to hold frequency at an average of 60 cycles. In 
most cases, 24-hour time error is comparable to 
that obtained by the power companies themselves. 

Write for the facts to Leeds & Northrup Com- 
pany, 4910 Stenton Ave., Philadelphia 44, Pa. 
Better yet, talk with an experienced L&N Sales 
Engineer in any of 18 District Offices. 


LEEDS NORTHRUP 


instruments automatic controls ¢ furnaces 
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EDISON'S OMNIGUARD 


protecis a monster unloading 


33 tons of coal 


System monitors drive-shaft 
bearing temperatures 


The monster is a bucket elevator . . . 
it unloads 32,000 tons of raw coal 

in 16 hours. Minute after minute, it 
raises 33 tons 76 feet straight 

up ... subjecting the entire structure 
to severe stresses, shocks, and 
vibrations. Installing a monitoring 
system was considered a tough 
instrumentation problem before Edison 
was consulted. 

Edison’s Omniguard literally thrives 

on abuse of this sort. Its reliable 
electro-mechanical components, 
interchangeability, copper connecting 
wiring and modular construction 

make the Omniguard the most flexible 
temperature monitor available. 

An Omniguard control panel was 
installed in the control house . . . far 
removed from the bearings at the 

top of the elevator. Edison Resistance 
Temperature Detectors were imbedded 
in the housings of the drive-shaft 
bearings . . . ready to signal a warning 
of dangerous temperatures to the 
Omniguard control panel. 

The Omniguard system tamed the 
monster . . . provided uninterrupted 
elevator operation . . . and eliminated 
the possibility of interrupting the 
supply of coal to the furnace. 

You can purchase a complete Omniguard 
system for less than $500. If you 

are interested in an economical, 
dependable, and efficient monitoring 
system, call Edison now for the 

full story. Or write for the Edison Folder 
No. 3036A. 


Thomas A. Edison 
INDUSTRIES 


INSTRUMENT DIVISION 
41 LAKESIDE AVE. 
WEST ORANGE N. J. 
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AIR PIPING. Is unaffected by short circuits, 
capacitance, inductance, temperature, relative 
humidity; 
or insulated. 


it need not be placed in conduits 


oR 
FROM AIR COMPRESS 


SIMPLE VALVE MECHANISM - 
The heart of the Johnson Thermostat. 


TYPICAL JOHNSON PNEUMATIC ROOM THERMOSTAT 


No additional amplifiers, relays or other remotely located 
auxiliary components are needed. It's all here in one compact 
unit under the cover. Johnson thermostats for measuring tem- 
peratures and pressures in ducts, pipes, etc., and controllers 
for relative humidity are equally simple. 


For All Types of Industrial and Commercial 
Applications—Air Conditioning * Heating 
* Cooling * Ventilating * Humidifying ° 
Dehumidifying * Processing 


The basic components of Johnson Pneumatic Control, 
shown above, reveal how remarkably simple and free 
from complication the best control systems can be. 


The Johnson Room Thermostat—the world’s most ac- 
cepted thermostat—is a refined reducing valve in a 
compressed air line, set and reset automatically by an 
accurate bi-metal temperature measuring element, to 
transmit compressed air, at varying pressures, to valves, 
dampers and other devices. 


Johnson Diaphragm Valves and Damper Operators are 
equally simple devices with flexible, long-life dia- 
phragms which are moved as the thermostat transmits 
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TO PNEUMATIC OPERATORS 


CONTROL PRESSURE GAUGES — 
May be located as desired to 


observe operation of the system. 


MEASURING ELEMENT 
Low-mass, bi-metal temperature 
measuring element is capable of 
any required sensitivity. What 
could be simpler? 


INSURE SYSTEM-WIDE SIMPLICITY 


changes in air pressure. Only pneumatic control gives 
you system-wide simplicity. 


The widespread use of pneumatic power by other in- 
dustries offers further evidence of its simplicity and 
adaptability. Examples include truck and train brake 
systems, industrial power tools, hoists, bus suspension 
systems, lubricating equipment, machine tools and 
countless others. 


Compare systems carefully. You'll discover that Johnson 
pneumatic apparatus is simpler by far and that you 
can do control work with just a fraction of the com- 
ponents that would otherwise be required. 


JOHNSON CONTROL 


PNEUMATIC SYSTEMS 


DESIGN * MANUFACTURE ¢ INSTALLATION © SINCE 1885 
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FAMOUS JOHNSON 
PISTON DAMPER OPERATOR 
Noted for powerful, accurate positioning 
action. Has spring-opposed diaphragm. No 
electric motor to power and maintain. Com- 

pletely enclosed. No lubrication needed. 


by selection or adjustment of springs. 


JOHNSON PNEUMATIC VALVE 

Simple, spring-opposed diaphragm provides instantaneous 
response. No motor, gear train, crank shaft, cams, limit switches 
or other complicated mechanisms to cause lags in response 


DAMPER 


Valve and Damper operator are easily sequenced 


WITH JOHNSON PNEUMATIC CONTROL — 


YOU'LL BE BETTER SATISFIED 
with PNEUMATIC 
BECAUSE TODAY’S PNEUMATIC CONTROL 


e Has fewer components per system. 


e Is highly accurate, dependable—has fewer compon- 
ents subject to failure. 
e Is easier to operate—easier, less costly to maintain. 


Offers the widest choice of compensating, sequencing 
and other operating features. 


Provides the necessary flexibility to solve even the 
most intricate control problems. 


e Is completely safe under all conditions. 


Let Johnson demonstrate how the advantages of pneu- 
matic control can be applied to your specific problems. 
Use the coupon or call in a nearby Johnson engineer. 
No obligation, of course. 


POWER * SEPTEMBER 1957 ° 


75TH ANNIVERSARY 


and add to upkeep. No lubrication normally required. 


WIDEST EQUIPMENT SELECTION 


Johnson makes the most complete line of pneumatic control 
equipment for solving any problem of temperature, humi- 
dity or pressure control. Equipment includes thermostats, 
recorder-controllers, valves, dampers, damper operators, 
pressure regulators, humidostats, humidifiers, thermometers, 
switches, special controllers and related apparatus. 


Complete engineering, sales and service facilities are avail- 
able through 104 direct branch offices in the United States 
and Canada. 


JOHNSON SERVICE COMPANY 
507-S East Michigan Street, Milwaukee 1, Wisconsin 

(-] Please have a Johnson engineer call on me. 

{-] Send your condensed catalog of Johnson equipment. 
Firm___ 
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These Masoneilan 12000 Series Liquid Level 
Controllers are being used for normal and inter- 
face level control on a gas dehydration unit. 


This is one of the versatile 12000 Series Liquid Level Con- 
trollers on a heat exchanger in a power plant installation. 


In Masoneilan 12000 Series Liquid Level Controls... 


Five-Point Versatility Solves 
Precessing and Power Plant Control Problems 


Here, in one group of related designs, is a completely versatile and adaptable series of 
liquid level controllers. They offer a one-source solution to the majority of level control 
problems with flow and storage of liquids in processing and power plant systems. 
These range, rating and material specifications, and the flexibility in mountings and 
control types presented with the photographs below demonstrate this important 


Mason-Neilan advantage. . . 


Wide Selection of Ranges — standard ranges in- 
clude 14”, 32”, 48”, 60”, 72”, 84”, 96”, 108” and 
120”. Ranges with even longer spans can be 
supplied. 


Wide Selection of Pressure Ratings — In the 
shorter level ranges, standard ratings are from 
Class 125 ASA in iron to 2500 lb ASA in carbon 
steel; in all ranges from 150 lb to 600 lb ASA in 
carbon steel. Under temperatures up to 100° F 
steel ratings may go as high as 10,000 lb. 


Wide Selection of Materials — to meet all usual 
conditions, a variety of materials is available: 


For displacer chambers— iron, carbon steel, bronze, 


MASONEILAN 


carbon molybdenum, chrome molybdenum, stain- 
less steel, Monel, etc. 


For displacers — Type 304 and Type 316 stainless 
steel, Monel, Hastelloy B or C, Durimet 20, copper 
and solid Teflon. 


For torque tube subassemblies — Inconel, Type 
316 stainless steel, K-Monel, Hastelloy B or C, 
nickel, phosphor bronze, Durimet 20, etc. 


There are Masoneilan 12000 Series models for a 
multiplicity of applications . . . industry’s widest 
selection of liquid level controllers. Look to 
Mason-Neilan to answer your problem. Write for 
catalog. 


MASON-NEILAN 


Division of Worthington Corporation 


33 Nahatan Street, Norwood, Massachusetts 


Choice of Control Types 


The basic instrument is a proportional controller, left above. In 
addition, proportional-reset and differential-gap types are avail- 
able; and pneumatic set may be added for remote pneumatic 
adjustment of the set-point. Or the instrument may be a pneu- 
matic transmitter instead of a controller. Also, any combination 
of controllers, or a controller and transmitter, right above, may 
be included in a single (larger) case and actuated by a common 


torque tube, 


Choice of Mountings 


A variety of external 
mounting types with 
screwed or flanged con- 
nections, plus flanged 
types for mounting di- 
rectly on the vessel, pro- 
vide flexibility in meet- 
ing vessel requirements. 
The instrument may be 
mounted to right or left 
of displacer. The chamber 
types may have a mid- 
flange for field orientation. Top and bot- 
tom flanged connection shown at right. 
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1916 


This early Bailey Boiler Meter, installed right 
on the boiler front, went a long way toward 
helping the fireman to reduce the cost of 
steam generation 41 years ago. But look 
what's been added to supplement this 
famous meter in the years since. 
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Bailey leads the way in compatible pneumatic 
and electric measuring, transmitting, record- 
ing and control equipment. Thousands of suc- 
cessful installations are living proof of Bailey 
progress ... in control engineering .. . in 
modern application technique. 
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TOMORROW 


New and even more amazing measuring and 
control techniques, such as Bailey's Perform- 
ance Monitoring and Scanning Equipment, will 
be used. The Bailey pattern for progress is 
your assurance of the finest in instruments and 
controls . . . now and in the future. 


Instruments and controls for power and process 


BAILEY METER COMPANY 


1036 IVANHOE ROAD 


In Canada— Bailey Meter Company Limited, Montreal 
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Reliance Water Columns have been produced for 73 
years — almost as long as “Power” has been published. 
They were advertised in “Power” as early as 1886. 


advertisement 
appeared in 

“Power” in the 

early 1900's. 


By 1920, 80,000 boilers had been equipped 


with Reliance “Alarm” Water Columns. 


By 192 hy pressures had reached the unprece- 


Y- height of 350 psi, and Reliance announced the 
forged steel water column to keep pace with engineer- 
ing progress. 


1930 we were proud to produce our first four special water | 
{ columns for use on 1800 psi. 
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oiler water level safety since 


Water columns with automatic alarms, and other Reliance equipment 
have helped to fortify power plants against boiler water accidents for 


The need for water level safety is a many-sided picture. The 
interlocking services of various vessels in power plant opera- 
tions call for a varied assortment of gaging facilities and 
automatic alarms. 


The Reliance business began with the alarm water column. 
Today, Reliance Boiler Safety Devices embrace all the ele- 
ments of safe water level supervision, with equipment de- 
signed to meet modern requirements and to insure efficient 
performance on boiler pressures from the Jowest to the high- 
est. Important developments in recent years include electrode- 
type controls for high or low water level alarm signals, 
applied to water columns of all pressures and to the remote 
reading EYE-HYE gage. Models for water columns can be 
supplied which provide fuel cut-out and pump control also. 
Selected as standard equipment by many boiler manufacturers 
and consulting engineers, Reliance Boiler Safety Devices 
exceed the requirements of national and state code authorities 
... Reliance sales engineers are located in all principal cities. 


The Reliance Gauge Column Company, Cleveland 3, Ohio 


BOILER SAFETY DEVICES 
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What’s behind Management’s growing 
concern with lubrication? 


Today’s sharply rising demand for power in home and Texaco Distributing Plants in the 48 States, or write: 
factory has highlighted all factors that contribute to load The Texas Company, 135 East 42nd Street, New York 
loss and its attendant loss of profit. One such area that 17, New York. 
power plant Management is scrutinizing closely is lubri- 
cation—of both main generating units and auxiliaries. 
This growing interest on Management’s part stems 
from the fact that proper lubrication can be a major 
factor in cost control. A Texaco Lubrication Engineer 
will gladly give you the benefit of his experience in this 
regard. Just call the nearest of the more than 2,000 


LUBRICATION IS A MAJOR FACTOR IN COST CONTROL 


(PARTS, LABOR, INVENTORY, PRODUCTION, DOWNTIME, MAINTENANCE) 
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PLANTS 


Operating men will bow out, numerically, to maintenance 
men as machines become more complex, yet simple to operate 


Practical answer to skyrocketing maintenance costs comes 
at the equipment design stage. Trend: Where possible, elimi- 
nate need for maintenance; where not, make maintenance easy 


Maintenance contracts awarded to outsiders, for part or 


all in-plant work, is gaining ground in some areas 
Training programs will get greater emphasis as the skilled- 
manpower problem gets worse. More weight will be placed on 


selecting plant men with real growth potential 


Lubrication engineers are fast moving into industrial plants, 


solving problems in purchasing, scheduling, applying 
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Id today and tomorrow 
Lhe power field toc ne 
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Business Monufacturing To provide an ever-higher living standard for a grow- 
copitol expenditures, copocity 


ing population, American industry must make 
56, 280 increasingly large capital investments to build the 
1 greater manufacturing capacity needed in the years 


4 


ce geet / ahead. The chart at the left shows the outlook as seen 
F copocity.__. 4240 by the McGraw-Hill Department of Economics. 
5 4 Although total population will grow, the portion 
Jo00 of that total available as a working force will not 
grow quite as fast. And out of that working force, an 
ever-greater percentage will be providing services 
160 rather than producing goods. In 1956, for the first 
time in U. S. history, we had more people engaged in 
service activities than we had in direct production. 
expenditures Thus, an expanding industry will have to continue 
and even accelerate the trend toward greater pro- 
ductivity—will have to turn out more goods with pro- 
portionately fewer people. 
Ooi The answer, of course, will be more mechanization 
and more automation. By putting more power and 
' more machinery at the disposal of production workers, 


as we have in the past, output per worker will be step- 
1550 1920 1950 1955 1960 1965 1970 ped up. This is the production challenge of tomorrow. 
Source: McGrow - Hill Dept of Economics 


e To see the broad outlines of the future plant- 
The job ahead management picture, we need only look around at 
the trends clearly visible today. First and foremost, 
we're in the midst of a period of industrial growth 
and expansion. And most economists expect this 
growth to continue, rising on the ground swell of 
a growing U.S. population. 
To give more people a higher standard of living, 
industry is investing in new plants and facilities 


A bigger busier future... “ at a record-breaking rate. And industry is invest- 
! ip ing, not just to produce mor goods, but to increase 


. me roductivity. Only by boosti: , the amount of goods 
its p roblems call for new alae per shee can we meet the jen 
: f er livi d 
plant-management this king of a better living standard for everyone 
More machines 
We can draw one immediate conclusion: The 
plant of the future will be increasingly mechanized 
and automated. Bigger, more powerful machines 
will run at higher speeds. Human handling, even 
human control, will be reduced to an absolute 
minimum, Lighting levels will, of necessity, be- 
come higher. More and more plants will be air 
conditioned, not only for process reasons but for 
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As our production operations become more complex 
and more automatic, the number of people actually 
engaged in operating machines shrinks in proportion 
to output. But it takes more people—more skilled 
people—to keep the machinery running smoothly. 

The chart at the right reveals the experience of 
one large company. Since 1940, output of the organi- 
zation has increased enormously. This has been ac- 
complished with a relatively small increase in the total 
wage roll. For every worker on the payroll in 1940, 
there are now 1.25. But maintenance workers have in- 
creased in number much more rapidly. For every main- 
tenance worker in 1940, there are now 2.5. 

Not long ago, a central station installed automatic 
computer and data-processing equipment. Out of 
54 operators, it was possible to release 13 for other 
duties. The central information system now requires 
16 manhours per week for maintenance. In effect, 
2/5 of a maintenance man has replaced 13 operating 
men. This pattern will be repeated time and again 
in the future—new machinery reducing operating man- 
hours, increasing maintenance manhours. 


comfort. All this, of course, adds up to more power 
services and hence more responsibility for the 
power-service engineer. He will be a key man. 


More maintenance 

But these trends have another, and more far- 
reaching, implication. As plants become more com- 
plex, they will require more maintenance. As illus- 
trated above, we can already see a rise in mainte- 
nance workers in proportion to the total. This will 
become more marked in the future. 

For the more complex plants of today and to- 
morrow, skills of a higher order are essential— 
both for operation and for maintenance. For all 
plant-management men—and for power-service en- 
gineers in particular—the lesson is clear; tomor- 
rows operators and maintenance men must be 
selected more carefully, trained more thoroughly. 

All these factors point toward higher mainte- 
nance costs. There will be more equipment and it 
will be more complex. Maintenance wage rates will 
go higher, not only because more know-how will 
be needed but because all rates will rise. 

One answer lies in increasing maintenance pro- 
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ductivity. But the very nature of the work imposes 
limits—it can’t be automated, When plant managers 
have gone as far as they can in providing time- 
saving tools and equipment, and in careful sched- 
uling, it’s time for new ideas. 


New thinking 

To a growing extent, the solution to rising main- 
tenance costs is going to lie in eliminating the 
need for maintenance and, where maintenance is 
inevitable, making it easy. 

Equipment designers are already working on 
these lines. More and more alloys and_ special 
materials are used to lengthen life of parts subject 
to corrosion and abrasion. Unit sub-assemblies 
are designed for quick replacement. And we already 
have equipment built to require no attention dur- 
ing a normal lifetime. 

For some time, equipment designed along these 
maintenance-reducing lines will run higher in first 
cost. But as maintenance costs rise, more and more 
plant managers will become convinced that the 
extra investment will pay long-term dividends. In 
the long run, the best will prove the cheapest. 


Dn OF : nce workers Keeps moOvVIneE 
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planning will pay future 


| Works Engineer } 
j 


| Assistant Works Engineer | 


I 
| Maintenance | | Project Construction Engineering 


l 
| 


| | 
| Operations | | Maintenance] Controis. | | Preporation | Froining | 


Heot Instruments 
Bolonce ond 


| Procedures | Electrical 


Operating Drafting, 
Efficiency Design 


[ena] 


| Estimating 
Costs | Improvements 
| | 
| Moterio! Men | Shops | | Electricions | Pipe 


dened No. 2 No. 3 No.4 


FOREMEN 


Pointers Riggers | 


Gearing up for modern maintenance 


at iy ieee Behe In the fast-moving industrial world of tomorrow, 


there won’t be any room for a slipshod or casual 

a approach to maintenance. When operations are 
Organization, personnel al mechanized and automated, unscheduled outages 

Cs become prohibitively expensive. And when com- 
lection, training, testing, all es plex equipment is maintained by skilled specialists, 

a topnotch management is necessary to keep costs 
will be more important : from skyrocketing. 

. Managing maintenance in the plants of the future 
will demand greater attention to organization, 
better selection and training of personnel, new 
approaches to equipment selection and _ testing, 
updated thinking about scheduling. 


Organization 

Whether it be a central station, an institutional 
plant or a factory, modern maintenance begins 
with sound organization. In all but the smallest 
plants, this involves separating, in a clear-cut fash- 
ion, the functions of operation, maintenance, en- 
gineering and construction. Some industrial plants, 
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as indicated in the chart, left, make the power 
services a separate department, and the power- 
service engineer responsible for maintenance of 
the power system as well as for its operation. 
Such details necessarily vary from plant to plant 
and industry to industry. 

The important point is to work out an organ- 
ization that fits your conditions. Put it on paper, 
make sure each supervisor knows what he is re- 
sponsible for, and give him the authority he needs 
to do his assigned job. 


Personnel 

Right now, says the U.S. Dept of Labor, industry 
is short some 150,000 skilled workers. This deficit 
promises to get larger in the years ahead. To an 
ever-greater extent, plant managers will find it 
necessary to seek out and train the men they need 
for maintenance. 

First problem is to select men who can be de- 
veloped by good training procedures. This job 
is getting closer to a true science every day. Tests 
for general intelligence and specific aptitudes are 
widely used with good results. But unless you've 
had experience in this field, you'd better seek the 
advice of a psychological testing organization. Such 
a firm can help you set up a battery of tests to 
meet your needs or can administer the entire pro- 
giam for you. Testing applies, of course, to up- 
grading men as well as to initial selection. 

Training shapes up as a more important opera- 
tion not only because skilled workers are scarce, 
but because changing conditions demand that even 
veteran maintenance men acquire new skills. For 
the small plant, training will necessarily be in- 
formal and will draw heavily on courses and pro- 
grams offered by local schools, trade associations. 
Don’t overlook the fact that many equipment manu- 
facturers offer specialized training in proper use 
and maintenance of their units. 

Today, many large organizations have built up 
extensive educational programs. In the future, 
such industry training operations will become even 
more common. Putting such a setup under the 
direction of a skilled training specialist usually 
proves a wise investment. He organizes the pro- 
gram, develops training materials. Actual instruc- 
tion may be handled by shop supervisors, engi- 
neering personnel, outside instructors. 

A few points to remember: Tomorrow’s mainte- 
nance man will need to be able to keep up with rap- 
idly changing methods and equipment—make sure 
his training is broadly based on fundamentals, not 
too narrowly specialized. And since many opera- 
tions are common to a wide variety of indusiries, 
don’t overlook the possibilities of setting up co- 
operative training programs with other plants and 
companies in your community, 


Equipment selection 

The equipment you select will have a lot to do with 
how difficult and expensive your maintenance pro- 
gram proves to be. As noted on the preceding 
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How about maintenance contracts? 


For years, specialized concerns in large cities have 
contracted to handle maintenance on elevators, elec- 
trical equipment, air-conditioning units, ete, Today, 
we see a growing number of cases where general 
maintenance is contracted to outside ‘organizations. 
Several oil refineries contract for both major and gen- 
eral maintenance and some utilities bring in contrac- 
tors for major overhauls. Advocates say we'll see a lot 
more maintenance done on contract in the future. 

Jobs usually assigned to contractors today involve 
skills or equipment the individual plant needs only 
irregularly. Serving many plants, the maintenance con- 
tractor can afford a large and skilled crew, equipped 
with the latest in special tools and equipment. In addi- 
tion to the savings resulting from more efficient use 
of skilled manpower and equipment, a major job can 
often be done faster, with important savings in the 
coat of downtime. 

Whether or not contracting for maintenance pays 
off in an individual case depends on many local fac- 
tors, such as size of company, nature of maintenance, 
etc. But more and more power-service engineers are 
going to be looking into the possibilities, seeing what 
part of their maintenance work could be contracted 
for at a saving. 

* In. some large multiplant companies, a central main- 
tenance group for major jobs has proved profitable. 
This group serves the individual plants as a contrac- 
tor would, spreads the cost of specialized men and 
equipment over a continuous round of scheduled jobs. 

Looming larger in the maintenance picture is the 
consulting firm. Such organizations set up a complete 
program for their customers, including records, stand- 
ard procedures and even training programs. Beside 
bringing special knowledge, they bring a fresh view- 
point, free from company traditions or prejudices. 


spread, equipment designers are working hard at 
the job of reducing the amount of maintenance 
needed, and with notable success in some areas, For 
plant managers, the problem is to balance neces- 
sarily higher first cost of such low-maintenance 
equipment against year-in and year-out savings it 
will produce. And, when the payout is there, to put 
the idea across to top management. 


Testing components 
In the future drive to reduce or eliminate the need 
for maintenance, testing will play an increasingly 
important role. Only by thorough nondestructive 
tests can we spot the defects that cause later trouble, 
insure the perfect components essential for tomor- 
row’s climbing speeds, pressures and temperatures. 
Much of this testing will be done in the maker’s 
shop. Aircraft companies have learned to test even 
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Tomorrow, nondestructive tests will play a key role 


Today, a variety of nondestructive tests are available, 
suited to many kinds of field conditions. These in- 
clude: {1) magnetic particle (2) fluorescent magnetic 
particle (3) dye penetrant (4) radiographic and (5) 
ultrasonic tests. 

In magnetic-particle testing, a field is set up elec- 
trically within the metal to be inspected. Fine iron 
particles are blown (dry) or flowed in liquid sus- 
pension (wet) on the part. Particles cling to the crack 
or flaw, revealing its location and shape. In a simi- 
lar fashion, fluorescent paste is used with black light 
to spot defects in various materials. 

Dye penetrants seek out cracks or flaws and are 
fluorescent under black light. 

Radiography, with X-rays, is a familiar inspection 
method, particularly for defects hidden within a part. 


New gamma-ray sources, such as cobalt 60, are now 
extending convenience and useful range of this method. 

In recent years, use of ultrasonic waves to detect 
flaws by reflection has been developed to a high de- 
gree, finds many shop and field uses. 

Now, conductivity (eddy-current) testing looms as 
a comer. Probe is placed on metal to be tested, con- 
ductivity is quickly measured on a new electronic 
meter. In addition to locating flaws, this method is said 
to be useful for identifying unknown metals, gaging 
hardness. Presence of oxides, scale, paint, surface 
roughness appear to have little effect on the accuracy 
of the results. Proponents of this new nondestructive 
testing method predict that when fully developed it 
will be used for checking everything from boilers to 
high-precision machinery components. 


the tiniest rivets before assembling a plane. Power- 
equipment manufacturers are moving in the same 
direction, will do more and more testing in the fu- 
ture — not only of the unit itself, but of each pipe, 
weld, valve and part that goes into the completed 
assembly. 

And there will be more field testing too — using 
methods of far-greater precision than the old-school 
boiler inspector's tapping hammer. Some of these 
tests are noted above. Greater skill in interpreting 
test results will be needed and more and more 
we'll see test specialists on hand when a major over- 
haul is being carried on in a plant. 


Scheduling overhauls 

When it comes to maintenance of major equipment, 
thinking is being revised. Until recently, major 
units were opened up regularly — say at yearly in- 
tervals, Internals were inspected, worn or faulty 
parts repaired or replaced. Often, the machine ran 
smoothly before overhaul. Inspection showed noth- 
ing wrong, but the unit didn’t run quite as well 
after being closed up because nicely balanced ad- 
justments had been disturbed. Now, the trend is 
away from periodic overhaul. 

More and more, the practice is to diagnose equip- 
ment condition from external indications — pres- 
sures, temperatures, performance ratings, vibration 
readings, etc. As long as the machine performs sat- 
isfactorily it’s kept running. 

Vibration in high-speed rotary equipment is one 
of the surest signs of impending trouble. As speeds 
increase, this test becomes one of most important 
in preventive maintenance. Hit-or-miss methods 
won't do for tomorrow's equipment — to keep it 
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within vibration tolerances suggested by makers, 
you'll need precision instruments. 

One such unit is a portable electronic vibration 
analyzer. It has a hand-held seismic probe that trig- 
gers a stroboscopic light. Electronic circuits trans- 
mit vibration information to panel meters. A vari- 
able filter tunes to any frequencies present — from 
300 to 160,000 rpm. Three parameters of vibration 
are measured — displacement, frequency and phase. 

To an increasing extent the “incidence” method 
will guide inspection and overhaul. For example, 
experience shows valves are greatest cause of com- 
pressor failure. So valves are checked yearly. Sta- 
tistics reveal that diesel crank bolts are most likely 
to fail after 30,000 hours of operation, Replacing 
them before that time avoids trouble. If you want 
to set up an incidence program, your insurance 
company or equipment manufacturers will be glad 
to help by supplying you with statistical data and 
recommendations based on experience. 


The important first year 

For many major units, particularly those of new 
design, the first year of operation is critical. Al- 
though tested thoroughly by the maker, many things 
may happen when the machine operates under high 
pressures, temperatures, speeds, etc. 

Thus, most insurance firms want new units opened 
after not more than a year of operation. They find 
that internal inspection shows up any basic faults 
then. After initial inspection, many users want to 
keep units running as long as performance checks 
look OK. But interval between full inspections will 
depend in many cases on insurance company’s rec- 
ommendations or requirements. 
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Lubrication: 
What you can 
expect tomorrow 


New viscosity code? 


Lubrication engineers representing general in- 
dustry and oil suppliers are weighing the wisdom 
of a new viscosity classification scheme for in- 
dustrial lubes (Power, Aug 1957, p 71). In 
brief, the proposed industrial classification cod- 
ing (IVC) could be used in place of present 
AGMA, ASRE, SAE and government viscosity 
designations for industrial oils. Coding makes 
no reference to quality, simply viscosity. The 
IVC two-digit numbering system paves the way 
for punchceard purchasing and inventory. The 
steel industry is already using a similar scheme 
~—and with good success. 

This possibility of substituting a single classi- 
fication system for designations now in use has 
been explored by members of ASTM, ASLE, 
ASME and API. Specific proposal of ASTM is 
built on a continuous no-gap system where sub- 
divisions of the overall viscosity spectrum are 
based on a mathematical progression. One im- 
mediate advantage of such a setup is ease of 
extending the system beyond present upper and 
lower limits, should future needs justify it. 

Kinematic units of viscosity, centistokes, are 
basis for the proposed IVC system. Yet, even 
though the system is based on kinematic units, 
corresponding Saybolt units could be shown as a 
matter of information. 

There’s general agreement on the part of 
ASLE, ASTM and ASME representatives on the 
need for a new classification scheme. They may 
differ on detail but their basic thesis is essen- 
tially the same. API spokesmen, however, fear 
that upsetting the viscosity-classification apple- 
cart would only add to the headaches of the 
average user. 

The wind is blowing in favor of a revised 
setup. It may be a variation on the one pres- 
ently proposed. When it comes, expect a com- 
mon marking scheme for all industrial oils, 
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Industrial lubrication has grown from simply “oil- 
ing” to the science of lubrication engineering. This 
just didn’t happen; it came of necessity as produc- 
tion people and equipment designers resorted to 
higher speeds, higher loads, higher operating tem- 
peratures and continuous process. 

Now, sizable plants have an engineer who rec- 
ommends and supervises a complete lubrication 
program. Smaller plants use the technical services 
offered by lubricant suppliers who make general 
plant surveys, recommend specific lubricants, keep 
a sharp eye on ways to cut the number of lubes used. 


Greases 

During the past ten years there has been increasing 
interest in “multipurpose” greases. Lithium-base 
grease played an important role in this trend. Re- 
cently, a series of newly formulated greases was 
introduced to further expand multipurpose horiz- 
ons. Example: An organic thickener, prepared by 
reacting isocyanate with an amine in mineral oil, 
yields a grease of high drop point, excellent oxida- 
tion resistance. Field tests show it lubricates suc- 
cessfully under conditions of water, high tempera- 
tures, corrosive chemicals. 

Development of a novel thickener (sodium 
octadecyl terephthalamate), coupled with a base oil 
and additives, is shaping up into a multipurpose 
grease to meet new performance needs. 

Where temperature extremes are a major factor 
(0 to 450 F), silicone greases are seeing wider use. 
Made by thickening a silicone lubricating oil with 
finely divided carbon black, the product has no 
true melting point, will not drip. Silicone grease 
is seeing growing use in lubricating low-speed bear- 
ings, other slow-moving parts exposed to high tem- 
peratures. 

Many oil suppliers now carry a molybdenum di- 
sulfide grease to cope with tough lube demands. 


Synthetics 

Right now, the volume of synthetic lubricants is 
meager compared to petroleum lubricating prod- 
ucts, and it’s not likely to pick up much ground in 
the foreseeable future. Reason: Synthetics are 
used only in those areas where the lower priced 
petroleum lubes won't do the trick. 

However, in the field of lube additives, the 
growth is significant. We can expect further de- 
velopments in the field of EP additives, antioxi- 
dants, detergents, corrosion inhibitors, emulsifying 
agents, antifoam agents, VI improvers, pour-point 
depressors. With aid of additives, the future prom- 
ises a host of new lubricants specifically tailored 
to cover ever-wider operating ranges. 


Lubrication programs 

In too many of today’s plants, the true importance 
of lubrication has not been recognized. Big reason 
for this passive attitude is that results of poor 
lubrication may continue unnoticed for a spell and 
often are not recognized when a breakdown does 
occur. But there’s a change coming with the in- 
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Increasing attention is being focussed on fire-resistant 
fluids, both as turbine lubricants and hydraulic medi- 
ums. In the hydraulic power-transmission field, this 
interest stems from process needs coupled with the 
ability of chemical manufacturers and oil suppliers to 
come up with suitable products. 

Turbine need for fire-resistant lubes goes hand-in- 
hand with climbing steam temperatures and the trend 
toward larger units. A check of fire records shows that 
central stations have achieved a fine degree of safety. 
Nevertheless, operating men are keenly aware of the 
potential fire threat set up by a lube oil line break or 
a pressure gage or thermometer leak that might occur 
close to steam lines. 

For the past several years, power-plant people have 
been field-testing fire-resistant turbine lubes. With one 
exception, these tests have been run in the drive tur- 
bines of boiler-feed pumps. Results are mixed. While 
some plants find foaming is the big headache, one plant 
reports initial foaming was licked with a dose of de- 
foamer and the trouble disappeared. Tests to date have 
been with phosphate-ester type fluids. 

Major drawbacks center about phosphate ester’s 
effect on generator insulation. Lab tests show that 
phosphate-ester materials are harmful to the asphaltic- 
type insulations used in many present-day machines. 
Hewever, newer generator insulations stand up to 
phosphate esters quite well. Although equipment mak- 
ers stress the importance of seals in keeping lube oil 
from generator windings, experience shows oil does 


crease in capital investment in production equip- 
ment and utter dependence of every machine link 
in continuous processes. 

This change will have as its core a sound in-plant 
maintenance program. Right now, with little in 
the way of standards to follow, the choice of lubri- 
cation devices and application methods is too often 
left to the machinery builder. But this is chang- 
ing as more engineers step into the picture to head 
up industrial plant lubrication programs. 


Bearings 
Three big changes are dominating the bearing pic- 
ture: Loads are increasing, operating temperatures 
are rising, speeds are skyrocketing. And bearing 
designers are facing up to the problem with a 
double-barrelled approach. First, they’re deter- 
mining the true operating limits of present bearing 
materials. Second, they’re scrutinizing all materials 
that may better cope with demands. 

Research programs now underway are develop- 
ing new bearing materials—some as soft as rubber, 
others harder than glass. Plastics, glass and 


B+ 386 


get into windings in varying amounts. So plant oper- 
ators are wary about replacing present petroleum oil 
with synthetic because of the threat of insulation 
failure. 

No one is sure what the reaction will be in an 
enclosed hydrogen-cooled turbine-generator. Cost, too, 
is a factor. At present, phosphate esters run about 
four times the price of a top-quality petroleum turbine 
lubricant. 

When all facts are weighed, it looks like fire-resistant 
lubricants will be offered and accepted for major 
turbine-generators operating at a steam temperature 
above the auto-ignition point of petroleum oil. Once 
the operating kinks are ironed out of proposed fluids, 
and in view of the mild effect of the fluid on newer 
generator insulations, the next step will probably be 
for a major generator manufacturer to offer a new 
unit designed for use with the fire-resistant lubes. 
Such a unit would have a strong sales point and be a 
sound engineering move. 

What about fluids other than the phosphate esters 
for this service? Some years back, serious thought 
was given to the possible use of hydrolubes. But prac- 
tical considerations, such as maintaing proper water 
content, quickly ruled them out. Some oil suppliers 
toyed with an emulsion-type hydraulic fluid for tur- 
bine service; but nothing appears promising in this 
direction. From where we stand now, we can look for 
fire-resistant turbine lubes to come down the pike— 
fluid will be a phosphate ester or a second cousin. 


ceramics are only a few of the materials which will 
be coming along. 

Air-lubricated bearings are finding their niche. 
Growing interest is found in high-temperature ap- 
plications. Since air viscosity increases with tem- 
perature, air looks promising in the region of 
1000 F and above. Also, air-lubricated bearings 
have amazingly low friction properties. Since 
there’s no contamination from dripping lubricant, 
the textile, food-processing and chemical industries 
are giving the air bearing a close look. 

Paralleling the march of new bearing materials 
is a better understanding of bearings that have 
been with us for years. Sealed rolling-contact bear- 
ings are carving out new applications, with each 
slice getting bigger as industry puts a greater value 
on maintenance and downtime. Improved lubri- 
cants and metallurgical developments are bringing 
more converts into the sealed-for-life bearing fold. 

Research, now underway to meet extreme oper- 
ating conditions as met in the aircraft and missile 
fields, will, in time, come up with the answers to 
present and future plant-lubrication problems. 
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CREDITS SINCLAIR WITH BIG ASSIST 


Thumb Electric Cooperative, Michigan, has won the Diesel Progress Award for 1956 


ie Foe a RIN: SE for the best operated internal combustion REA plant in America for 5,000 KW or less. 


‘Send now for 
free pamphlet on Their management says: “We attribute our operating success in a large measure to 
RUBILENE!" “=> Sinclair’s RUBILENE® HD 40 Diesel Lubricating Oil used in our three 1850 HP Cooper 
pena: £3} Bessemer Diesel engines. We have found this oil to be superior under our rugged load 
carrying conditions. It has given us an excellent rate of consumption while reducing 
wear. Of great help, too, are the regular visits of the Sinclair Lubrication Engineers.” 


Let Sinclair give you a big assist, too, in the success of your operation. Call your nearest 
Sinclair Representative, or write Sinclair Refining Company, Technical Service Divi- 
sion, 600 Fifth Avenue, New York 20, N. Y. There’s no obligation. 


DIESEL LUBRICANTS 
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ANKORITE 
RUBBER EXPANSION JOINTS 
Absorb transfer of sound and vibration . . . 
corrosion free ... easy to install . . . for circulat- 
ing water lines .. . chemical lines . . . etc. 


CARBONITE PACKING 


Plastic packing for use on centrifugal, rotary or recip- 
rocating rods or shafts, expansion joints and valve stems. 


ANKORFLEX PACKING SETS 
Fabricated of special fabric impregnated with 
synthetic or rubber compounds—to resist action 
of oils and hydraulic fluids. 


*ANKLON PACKINGS 


*Made of duPont's Teflon 
Resists mineral acids, organic solvents and 
alkalis. Can be supplied in many forms, such as 
sheet, gaskets, braided packings, molded rings, 
etc, etc. 


The Anchor Packing Company has been supplying 
industry with packings, mechanical rubber goods 
and asbestos products for fifty years. Through 
research and engineering, Anchor has kept abreast 
of the many changes in our industry. 


DISTRICT 
Baltimore, Md. Chicago, Ill. Detroit, Michigan 
Boston, Mass. Cincinnati, Ohio Houston, Texas 
Buffalo, N. Y. Cleveland, Ohio Indianapolis, Ind. 
Charlotte, N. C. Dayton, Ohio Los Angeles, Cal. 


THE ANCHOR 


GENERAL OFFICES: 
FACTORIES ....MANHEIM, PA. 


FIBROUS AND METALLIC PACKINGS 


ANKORITE ROTARY SHAFT SEAL 
Designed to meet the need for a positive mechanical 
seal. Used to pump liquids from light fluids or heavy 
abrasive slurries. 
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TAURIL SHEET PACKING 


Excellent gasket material for superheat and other serv- 
ices requiring an especially strong and tough gasket. 


Branches and warehouses are maintained in all 
principal cities. Specially trained representatives 
are available at all times to aid in selecting the 
packing to best serve your special conditions. 
Your inquiry will receive prompt attention. 


OFFICES 


Milwaukee, Wis. New York, N. Y. Seattle, Wash. 
Minneapolis, Minn. Philadelphia, Pa. St. Louis, Mo. 
Montreal, Canada Pittsburgh, Pa. Toledo, Ohio 
New Orleans, La. | San Francisco, Cal. Wilmington, Cal. 


PACKING CoO. 


PHILADELPHIA, PA. 
ELKHART, IND. ¢ MONTREAL, CAN. 


FOR EVERY (INOUSTRIAL PURPOSE 


u's, CUPS, FLANGES 


For oil, air, water, gdsoline, solvents, etc. Also recom- 
mended for equipment with mechanical irregularities. 


TRIPLE U LEATHER PACKING 


A chromed tan leather packing of high quality. 
Operates against water or oil. 


425 SHEET PACKING 


Made from selected long fiber asbestos with 
heat-resisting bonding compounds . . . of homo- 
geneous construction . . . will not soften, blow out 
or deteriorate with age. 


DIESEL GASKETS 


All types of gaskets for Diesel engines are 
available. 
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Ease your mind about air compressor fires... 
with fire-resistant PYDRAUL® AC lubricant 


Forget the anxiety of possible 
fires and explosions in your air 
compressors! 


Successful field experience 
throughout industry proves that 
fire-resistant Pydraul AC pro- 
tects against these hazards, gives 
excellent lubricity and can mini- 
mize carbon deposits on air com- 
pressor exhaust valves and air 
piping systems...where your fire 
danger really lurks. 


From the largest reciprocating air 


compressor to the smallest port- 
able... fire is a persistent worry, 
unless you use fire-resistant 
Pydraul AC to protect your 
investment. 


Conversion is easy... essen- 
tially, just drain your flammable 
oil and replace with fire-resistant 
Pydraul AC. 


Write today for Monsanto’s 
new bulletin covering details on 
use of Pydraul AC. 


MONSANTO CHEMICAL COMPANY 
Organic Chemicals Division, Dept. PAC-77, 800 N. 12th Blvd., St. Louis 1, Missouri 
In Canada: Monsanto Canada Ltd., Montreal 


There’s also a Pydraul for every 
industrial job: 


@ General-purpose Pydraul F-9. 


@ Pydraul 150 and Pydraul 60 for 
precision equipment. 


@ Pydraul 600 for heavy equipment. 


Pydraul: Reg. U. S. Pat. Off. 


WHERE CREATIVE CHEMISTRY WORKS WONDERS FOR YOU 
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New flexible pipe covering 
reduces application costs 


The great flexibility of Armstrong 
Armaflex® helps speed insulation of 
low and medium temperature lines 
—in many cases, substantially re- 
duces costs compared with the cost 
of applying ordinary type cover- 
ings. Armaflex is slipped on pipe 
or tubing before connections are 
made; it follows contours readily. 
If pipe is in use, Armaflex is slit 
lengthwise, snapped on, and sealed 
with Armstrong 520 Adhesive. Air- 


(Armstrong 


proof and waterproof, Armaflex 
needs no separate vapor barrier. 
Highly efficient on lines operating 
up to 200° F., Armaflex comes in 6’ 
lengths, %” and %” thicknesses, for 
pipes and tubing up to 3%” o.d. 
Armstrong Armaflex is one of the 
fine products in the full line of Arm- 
strong Insulations. Armstrong also 
offers you a complete contracting 
service, geared to install these mate- 
rials economically and efficiently. 


INSULATIONS 


for temperatures from — 300° F. to + 2800° F, 


*®) ARMSTRONG CORK COMPANY. MANUFACTURED BY OWENS-CORNING FIBERGLAS CORP, 
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Free Booklets 


Armstrong Arma- 
flex, a Flexible 
Pipe Insulation 


Armstrong Arma- 
glas* Insulations 
(data sheets) 


Armstrong Arma- 
temp** Block and 
Blankets 


Armstrong Insul- 
color®, Weather- 
proof Coating in 
Eight Colors 


For full information, write today 

to Armstrong Cork Company, 

2209 Riggs Ave., Lancaster, Pa. 

**TRADE-MARK 
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WHY CHESSIE’S RAILWAY IS FIRST IN COAL 


SUPERIOR COAL. Typical of the modern methods employed by producers on the C & O is this battery 
of screens de-watering washed coal. The naturally superior coals found in the Chessie area can be sized and 
processed to suit your exact requirements. 


SUPERIOR SERVICE. Chesapeake and Ohio Railway is equipped to give you prompt and dependable 
deliveries through expanded high-speed yards and improved signal systems. There are plenty of good-order 
cars in the world’s largest fleet. A prompt repair program keeps 99% of the C&O cars in constant operation. 


For dependable deliveries of top quality coals, contact coal producers 
on the C & O. And for specific help in meeting your own fuel requirements, 
write to: R. C, Riedinger, General Coal Traffic Manager, Chesapeake 
and Ohio Railway Co., Terminal Tower, Cleveland 1, Ohio. 


Chesapeake and Ohio 
Railway 


(WORLD'S LARGEST CARRIER OF BITUMINOUS COAL 
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If it’s SLUE-dyed Asbestos 


YOU CAN BE SURE IT’S FLEXITALLIC 


In every asbestos-filled Flexitallic 
Gasket, the blue dye in the Canadian 
asbestos filler provides positive prod- 
uct identification. When you see Flexi- 
tallic Blue, you can be sure it’s a 
genuine Flexitallic Spiral-Wound Gas- 


e the original spiral-wound gasket 
made exclusively by this Com- 
pany since 1912. 


constructed to meet specific con- 
ditions of thermal and mechani- 
cal shock, vibration, weaving and 
other joint stresses. 


e flexible and resilient, self-adjust- 
ing to changes in operating con- 
ditions—affording greater safety, 
dependability, and long service 
life. 


In every field of high-pressure seal, 
look for Flexitallic Blue. It’s for your 
protection. 


FLEXITALLIC GASKET CO. 
8th & Bailey Sts. Camden 2, N. J. 


Representatives in principal cities 


® 
SPIRAL-WOUND GASKETS 
EOR PIPE FLANGES, PRESSURE VESSELS AND PROCESS EQUIPMENT 


* Flexitallic is a registered trade name. No one else can make a Flexitallic Gasket 
Look for Flexitallic Blue — it’s our exclusive blue-dyed Canadian asbestos filler 
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Consult an engineering firm 


Designing and building hundreds of heating and power installa- 
tions a year, qualified engineering firms can bring you the latest 
knowledge of fuel costs and equipment. If you are planning the 
construction of new heating or power facilities—or the remodel- 
ing of an existing installation—one of these concerns will work 
closely with your own engineering department to effect substan- 
tial savings not only in efficiency but in fuel economy over the years. 


facts you should know about coal 


In most industrial areas, bituminous coal is the lowest-cost fuel 
available. ¢ Up-to-date coal burning equip.nent can give you 
10% to 40% more steam per dollar. ¢ Automatic coal and 
ash handling systems can cut your labor cost to a minimum. 
Coal is the safest fuel to store and use. * No smoke or dust 
problems when coal is burned with modern equipment ¢ Be- 
tween America’s vast coal reserves and mechanized coal 
production methods, you can count on coal being plentiful 
and its price remaining stable. 


Bucyrus-Erie cuts 
steam costs 10% 


burning coal 


the modern way 


Bucyrus-Erie Company, South Milwaukee, Wis., had 
a steam generation problem. Not only was original 
equipment deteriorating but capacity proved inade- 
quate for expanding plant facilities. Working with 
consultants Gates, Weiss and Kramer, of Milwaukee, 
the company decided to modernize its power system. 

Today the power plant at Bucyrus-Erie is almost 
completely automatic and utilizes the newest coal- 
burning and handling equipment. In addition to 
increasing steam generating capacity 85%, this 
modernization program has lowered annual steam 
production costs 10% and labor costs 35%. Burn- 
ing coal the modern way has increased steam 
quality, improving production processes and 
heating throughout the plant. 


For additional case histories on burning coal the 
modern way or for technical advisory service, write 
to the address below. 


BITUMINOUS COAL INSTITUTE 
Southern Building Washington 5, D C, 


HYDRAULIC CIRCULATING MACHINE | AIR 


GENERAL LUBRICATION 


SUN SOLNUS OILS IDEAL LUBRICANTS 
FOR 80% OF ALL APPLICATIONS 


Moderately priced...low in carbon-forming tendencies, Sun Solnus® oils 
simplify your storage problems by doing with one oil many jobs that would 
otherwise require several. Their ability to protect metal parts against cor- 
rosion, their resistance to oxidation, and their moderate price all add up to 
“more lubrication per dollar.” 

For technical information, see your Sun representative, or write to SUN OIL 
Company, Philadelphia 3, Pa., Dept. I-51. 


INDUSTRIAL PRODUCTS DEPARTMENT 


w<SUNOCO> SUN OIL COMPANY 
Nez 


SLOW-SPEED 
DIESELS 


PHILADELPHIA PA. © SUN CO. 
In Canada: SUN OIL COMPANY LIMITED, Toronto and Montreal 
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Valve on left is from compressor run for 3,000 hours with well-known, high-grade oil. At right 
is same valve after a 3,000-hour run with Sun Solnus oil. Note difference in carbon deposits. 


3000-HOUR TEST PROVES SUN SOLNUS OILS 
REDUCE CARBON BUILD-UP IN COMPRESSORS 


Equipment: A three-stage Norwalk horizontal- 
type compressor. Operating pressure: from 
1,000 to 1,500 psi. 


Test: The-compressor was cleaned thoroughly 
and filled with a well-known, high-grade oil. 
The equipment was run for 3,000 hours, then 
torn down for inspection and cleaning. Then 
Solnus* 300 was tested in the same way. 


Results: Look at the two pictures. You can see 
for yourself how Solnus oil reduced danger- 
ous carbon build-up. 


All types of reciprocating air compressors 
that have been changed over to a Sun Solnus 
oil show similar results. A test in your com- 
pressor will show the same remarkable reduc- 
tion of carbon deposits. 

You can get a technical bulletin about Sun 
Solnus oils by asking your Sun representa- 
tive, or write to SUN Oi. Company, Philadel- 
phia 3, Pa., Dept. I-52. 
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INDUSTRIAL PRODUCTS DEPARTMENT 


SUN OIL COMPANY PHILADELPHIA 3, PA. 


SUN OIL CO 


IN CANADA: SUN OIL COMPANY LIMITED, TORONTO AND MONTREAL 


Great hydro plants of the world 


Electric power is so closely associated with our 
modern living and industrial processes that it’s 
difficult to realize it wasn’t always that way. But 
only 75 years ago, 1882, at Appleton, Wis., the 
first hydroelectric plant went into service, about 
one month after Pearl Street steam-electric station 
started operation in New York City. The Appleton 
plant had a single 12.5-kw de generator, gear-belt 
driven by a vertical-shaft hydraulic turbine operat- 
ing under a 10-ft head. 

From this crude start, the world’s hydroelectric- 
plant capacity has increased to the present-day high 
of about 143,000,000 installed hp. Of this, 81% 
is about equally divided between North America 
and Europe. As shown in the tables, following 
pages, plant capacities range to over 3.000,000 hp, 
unit size to 200.000 hp and heads to 5800 ft. 

These tables cover plants in U.S. and Canada, 
and plants in the rest of the free world. In U.S. 
and Canada sections, plants are tabulated according 
to rated capacity. In these two countries, plant 
and unit capacities are outstanding features. In 
Europe, the highest head impulse, francis and kap- 


lan turbines are most significant. Therefore, tables 
for the latter emphasize high-head plants. 

Grand Coulee plant, Columbia River, U.S., has 
the largest operating capacity (hydro or steam): 
3.102.000 hp in eighteen 170,000-hp and _ three 
14,000-hp units. It is also the highest kilowatt-hour 
producer, having generated over 14-billion kwhr in 
one year. Its turbines have the highest capacity of 
any in operation, but are exceeded by the three 
178,000-hp units on order for Stornorrfors, Sweden 
and five 200,000-hp turbines for Chute des Passes 
plant, Quebec, Canada. All these turbines are fran- 
cis type. 

For kaplan-turbine plants, The Dalles, Columbia 
River, U.S., has the highest capacity, 2,733,000-hp 
ultimate, with 1,742,000 hp on order in fourteen 
123,000-hp units. Three 143,000-hp kaplan turbines, 
the largest to date, are being installed in the Ice 
Harbor plant on the Snake River, a tributary of 
the Columbia. Ultimate plant capacity here is 858,- 
000 hp in six units. 

Plants now under construction in the international 
section of St. Lawrence (Continued on page C-76) 


Hydroelectric records 


Grand Coulee, U.S., largest installed capacity, 3,102,000 hp; greatest power producer, over 14-billion kwhr in one year na 


Kemano, B.C., Canada, highest capacity underground, also highest capacity plant with impulse turbines, 2,400,000 hp 


Dalles, U.S., highest capacity kaplan-turbine plant, ultimate 2,733,000 hp; being installed 1,742,000 hp 


Ice Harbor, U.S., highest capacity kaplan turbines, 143,000 hp, 96-ft head 
Chute des Passes, Que., Canada, highest capacity francis turbines, 200,000 hp, 540-ft head 
Hiwassee, TVA, U.S., largest pump-turbine; 102,000-hp 3900-cfs 205-ft head pump; 80,000-hp turbine 


Sir Adam Beck, Niagara No. 2, largest pump-turbine plant, six 45,000-hp turbines; 55,000-hp 4600-cfs pumps 


Ffestiniog, Wales, highest-powered pumped-storage plant, four 110,000-hp, 745-cfs, 1000-ft head, two-stage pumps 


U.S., Canada, St. Lawrence River, largest fixed-blade propeller-turbine plants, two plants 1,200,000-hp; turbines, 75,000 hp, 81-ft head 


Reisseck, Austria, highest head (5800-ft) impulse turbines, two 31,000 hp 
Hemsil, 1, Norway, highest head (1780-ft) francis turbines two 50,000 hp 
Membia, Italy, highest head (290-ft) kaplan turbine, 18,000 hp 


Stornorrfors, Sweden, largest francis turbines in Europe, 178,000 hp, 240-ft head 
Cimego, Italy and Kemano, Canada are largest-capacity impulse turbines, 150,000 hp 


Vargon, Sweden, largest diamater kaplan runners, two, 315 in. 
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Design Features 


AE ~ Allgemeine E lektricitats-Geselischaft 
AG Ansaldo-San Giorgio 


AS - ASEA Electric Co 
BA Alsthom Charmilies 
BB ~ Brown Boveri & Co 
BC ~ Boving & Co 


BL ~ Baldwin-Lima-Hamilton Corp 


B+ 398 


CA = Canadian Allis-Chaimers 

CE ~ Charmilles Engineering Works 
CEM ~ Compagnie Electro Mecanique 
CG ~ Canadian General Electric Co 
CM —Construzioni Meccaniche Riva 
CW ~ Canadian Westinghouse Co 
DE ~ Dominion Engineering Co 


EE ~ English Electric Co 


EM ~ Ercole Marelli & Co 
Escher 


Fives-Lille 


FA ~ Forges et Ateliers de Jeumont 
FT Franco Tosi 
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Compited by F A Annett } | Plant capacity,) _ 
= 
§ HHA: 2/515] 23 | 
Company or i 3 3 
Government Agency Project River State 252/88 25 = 588 
UNITED STATES 
U. S. Bureau of Reclamation Grand Coulee Columbia Wash. 3,102 3,102 1941 
U. S. Corps of Engineers The Dalles Columbia Wash.; Ore. 2,733 «1,742 = 1951 123 81 K 85.7 BL 82.1 GE 
U. S. Corps of Engineers Chief Joseph Columbia Wash. 2,700 1,600 1955 16 = 100 165 F100 MS;NN 67.4 WE 
U. S. Corps of Engineers McNary Columbia Wash.; Ore. 2,326 1,558 1953 4 1113 80 K 85.7 73.4 GE;EE 
U. S. Bureau of Reclamation Hoover Dam Colorado Ariz.& Nev. 1,857 1,735 1936 | 1 55 520 F 237 NN 40 AC 
1 70 520 F257 NN 62.5 GE 
PUD of Grant County Priest Rapids Columbia Wash. 1,824 912-1960 8 114 78 K 85.7 ~=EE 83 
PUD of Grant County Wanapum Columbia Wash. 1,728 864 = 1962 8 108 75 K 85.7 5 
U. S. Bureau of Reclamation Glen Canyon Colorado Ariz. 1,244 1,244 = 1962 8 155.5 450 F150 125 
Power Authority of the State of New York Barnhart Island St Lawrence N.Y. 1,136 1,136 ©1958 16 1 81 P 94.7 = AC;BL 60 GE 
PUD No. 1 Chelan County Rocky Reach Columbia Wash. 1,540 980 1961 7? 140 92 K 9 MS 107 WE 
U. S. Corps of Engineers Ice Harbor Snake Wash. 858 429-1961 3 13 9% K MS 94.7 
Idaho Power Co Brownlee Snake Ore.; Idaho. 634 556 = 1958 4 139 274 F 128.6 MS 100.1 WE 
U. S. Corps of Engineers Bonneville Columbia Wash.; Ore. 729 729°: 1938 10 66-74 = 50 K 5 MS GE 
4 W 92 F100 BL 24 WE 
Tennessee Valley Authority Wilson Dam Tennessee Ala. 610 610 1926 4 92 =F 100 NN 28 GE 
10 3635 92 F 100 AC 28 AC 
Susquehanna Electric Co Conowingo Susquehanna Md. 5% 378 =: 1928 7 54 89 F 61.8 = AC;BL 40 GE;WE 
City of Seattle Ross Skagit Wash. 560 560 1952 4 40 38 8 F 150 BL;NN 100 WE 
Washington Water Power Co Noxon Clark Fork Mont. 550 $50 1959 4 137.5 = 182 F100 Cc 101.7 GE 
U. S$. Bureau of Reclamation Shasta Sacramento Calif. 522 $22 1944 5 = 103 330 F150 AC 75 GE 
Safe Harbor Water Power Corp Safe Harbor Susquehanna 510 «1931 7 425 535 K 100 BL;MS 37.5  GE;WE 
U. S. Corps of Engineers Fort Randall Missouri S.D. 460 460 1954 8 57.5 112 F 86.7 42.1 WE 
U. $. Corps of Engineers Garrison Missouri N.D. 440 440 = 1955 5 88 150 F BL 4.2 GE 
U. S. Corps of Engineers Oahe ..... Missouri S.D. 425 1701961 2 8 170 F 94.7) AC 65 
U. S. Bureau of Reclamation Hungry Horse So Fk Flathead Mont. 420 420 = 1952 4 10 400 F AC 15 GE 
U. S. Corps of Engineers Buli Shoals White Ark. 419 211 = 1953 4 82 190 F 128.6 AC 42.1 AC 
U. S. Corps of Engineers Clark Hill Savannah Ga.;S.C. 385 385 =: 1953 7 55 135 F100 NN 44.4 GE 
U. S. Corps of Engineers Wolf Creek Cumberland Ky. 375 375 =: 1982 6 62.5 160 F 105.9 BL 50 GE 
Tennessee Valley Authority Wheeler Tennessee Ala. 360 360 ©1936 8 45 48 P 86.7 BL 36 GE 
Idaho Power Co Oxbow Snake Ore.; Idaho. 438 292 4 3 115 F100 NN 63 WE 
Lexington Water Power Co Saluda Saluda S.C. 330 220 ~=—-1930 4 55 180 F 138.5 MS 40.6 WE 
City of Seattle Diablo Skagit Wash. 332 166 1935 2 8 310 F 171.5 MS 66.7 WE 
U. S. Bureau of Reclamation Davis Dam Colorado Ariz.;Nev. 312.5 312.5 1951 5 625 127 F 47 BL 45 GE 
Tennessee Valley Authority Pickwick Landing Tennessee Tenn. 302 302 = :1938 6 4855 47 K 81.8 AC 40 WE 
4 32 AC 16.7 GE 
PUD No. 1 Chelan County Rock Island Columbia Wash. AC 
U. S. Corps of Engineers Dennison Dam Red Tex.&Okla. 283 1121945 2 5 103 F MS 36.8 WE 
Washington Water Power Co Cabinet Gorge Clark Fork Idaho 282 282 «1952 3 70.5 99 P&K 120 BL 55.5 WE 
Union Electric Co of Missouri Bagnel! Dam Osage Mo. 68 268 :1931 BS F 112.5 AC 23.9 WE 
Tennessee Valley Authority Fontana Dam Little Tenn. N.C. 274.5 274.5 1945 3 91.5 330 F AC 18 WE 
U. S. Corp of Engineers Table Rock White Ark. 272 136 1958 52.6 WE 
Pacific Power & Light Co Merwin Lewis Wash. 252 (186.6 1931 3 62.2 190 F 240 MS;AC 51.5  WE;GE 
Montana Power Co Kerr Flathead Mont. 231 231 = 1938 3 71 189 F 1125 = NN;BL 56 
Connecticut River Power Co Moore Connecticut N.H.; Vt 220 220 1956 ‘S&S F ms 39 WE 
Pacific Gas & Electric Co Haas Kings Calif. 184 184-1960 2 92 2,321 | 400 PB ik) WE 
Pacific Gas & Electric Co Bucks Creek Feather Calif. 70 70 = 1928 2 35 2,561 1 450 PB 25 GE 
U. S. Bureau of Reclamation Flatiron Big Thompson. Colo. 9% 9% 1953 2 48 = 1,045 F 514 PB 35 WE 
Nantahala Power & Light Co Nantahala Nantahala N.C. 60 60 «= 1942 1 60 950 F 450 NN 54 GE 
Tennessee Valley Authority Hiwassee Hiwasse N.C. 160 160 1940 { NN 64 WE 
This unit also operates in reverse as a 102,000-hp. 3,900-cfs, 205-ft head pump . ! 1 80 190 F 105.9 AC 70 AC 
CANADA Province 
4 180 2500 327 DE;CA 114 CG;EC 
Aluminum Company of Canada Kemano Nechako B.C. 2,400 1,200 . 1954 1 150 2,500 | 327 DE 14 Cc 
180) «2,500 PB;VI 114 CW;EC 
Sir Adam Beck: 1,680 1,680 1954 10 292 F DE 80 CG;CW 
Hydro-Electric Power Comm of Ont. Niasera Ne. 2 Niagara Ont. 270 270-1957 6 4 83 K 3 EC 31 cw 
é . These units operate in reverse as 55,000-hp, 4,600-cfs, 75-ft head pumps. Head range 59 to 80 ft. 
Hydro-Electric Power Comm of Ont. Niagara Ont. 560 560 1922 10 56 292 F 187.5 WC;WS;DE 50 CG;CW 
Beauhamois No. | St. Lawrence Que. 758 758 = 1932 “ 53 80 F DE 45 CG;0E 
Quebec Hydro Electric Comm Beauhamois No. 2 St. Lawrence Que. 636 636 «= :195] 12 53 80 F B DE;CA 51 CG;CW 
Beauhanois No. 3 St. Lawrence Que. 1959 65 
Quebec Hydro Electric Comm Bersimis-Lac Casse Bersimis Que. 1,200 1,200 1956 8 150 785 F 277 EC;NB 120 MV;CG 
Hydro-Electric Power Comm of Ont. Robert H Saunders St Lawrence Ont. 1,200 1,200 1958 16 15 81 P SM? (OEC 60 CG;cw 
Aluminum Company of Canada Shipshaw No. 2 Saguenay Que. 1,200 1,200 12 12. 100 208 F 128.5 CA;SC 8 Cw;CG 
Aluminum Company of Canada Chute-des-Passes Peribonka Que. 1,000 1,000 1959 5 200 540 F 200 EC 165 CG 
Quebec Hydro-E lectric Comm Bersimis No. 2 Bersimis F 163.6 CG 
Bridge No. 1 | Vi cw 
British Columbia Electric Co Bridge Rives Bridge No.2 B.C. 328 PB:VI 62 cw 
Saguenay Power Co Isle Maligne Saguenay Que. 540 540. «1937, 12 45 110 F 1125 CA 30 cw 
Hydro-Electric Power Comm of Ont. Des Joachims Ottawa... Ont.; Que. 496 49% ©1950 8 62 130 F 105.9 DE 50 cw 
Cons. Mining & Smelting Co Waneta Pend Oreille B.C. 480 240 a DE 9 cw 
Shawinigan Water & Power Co Trenche St Maurice Que. 390 390 6 665 160 =F 1286 CG 
Manicouagan Power Co McCormick Dam Manicouagan Que. 372.4 307.4 1952 { : = 
Shawinigan Water & Power Co Rapide Beaumont ........ St Maurice Que. 330 330 = 1956 6 55 124 F120 CA 45 CG 
Hydro-Electric Power Comm of Ont. Abitibi Canyon Abitibi Ont. 330 264 = 1933 2 66 237 F150 CA 48.5 CG 
ae. 133 F125 DE 28.5 cw 
Gatineau Power Co Paugan Gatineau Que. 285 285 1928 { 1 0 13 F 1285 OE 6 CG 
Aluminum Company of Canada Chute du Diable Peribonka Que. 282.5 282.5 1952 5 565 110 F 105.9 CA 53.5 cw 
Aluminum Company of Canada Chute a la Savine Peribonka ....... Que. 282.5 282.5 1953 5 565 110 F 1059 O€ 53.5 CG 
Aluminum Company of Canada Chute-a-Caron Saguenay Que. ... 280 280 = 1931 4 F 120 Mi cw 
5 45 114 F 1091 ODE 40 CG 
Shawinigan Water & Power Co La Tuque.. St Maurice Que. ms ms 1 in 
Hydro-Electric Power Comm of Ont. Otto Holden Ottawa Que.; Ont. 264 264 «1952 27 cw 
5 4 108 36 cw 
Shawinigan Water & Power Co Rapide Blanc St Maurice Que. 244.5 24.5 1932 { 1 45 108 F 1091 DE % SE 
Manitoba Hydro-Electric Board Seven Sisters. Winnipeg Man. 25 225 = (1931 6 375 66 P 1286 CA;MS;DE 32.5 CG 
WANUFACTURERS: British Thompson-Houston Co ~Elin AG GD ~ Compagnia Generale Elettricita 
AC ~ Allis-Chaimers Mig Co ~ Soc Forges et Ateliers du Creusot EC - English Electric Co of Canada GE - General Electric Co 


GL General Electric Co Ltd 
Hi 


Hitachi, Ltd 
HW ~ Harland & Wolff 
Ji — John Inglis Co 
JV -JMVoith 
KB - AS Kvaerner Brug 
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OUTSIDE U.S., CANADA 

Impulse Turbines 
Oesterreichische Draukraftwerke Reisseck Austria 
Energie Ouest-Suisse SA Dixence Switzerland 
Energie Quest Suisse SA Fully Switzerland 
Salanfe SA Mieville Switzerland 
Union Electrique de Sud Portillon France 
Electricite de France Pragneres Gave de Gavdrnie France 
Azienda Elettrica Municipale Rosone Italy 
Electricite de France Roselend . France 
Electricite de France Bissorte France 
Empresa Nacional de Electricidad Los Molles Chile 
Soc Idroelettrica Piedmonte Avise Dora Baltea Italy 
Soc Generale de Force et Lumiere Fond de France France 
Soc Forze Idrauliche Monceniso Dora Riparia.. Italy 
Grande Dixence SA Switzerland 


Forces Motrices du Mauvoisin Switzerland 
A-S Aardal og Sunndal Verk Tya Norway 
Vorarlberger-Jilwerke A G Lake Austna 
Electricite de France France 
Consorzio Elettrico Buthier Dora Baltea Italy 
Tauemkraftwerke AG Kaprun Austria 
Grande Dixence SA Switzerland 
Norwegian Watercourse & Elec Board Marelvin Norway 
Soc Idroelettrica Alto Chiese Chiese Italy 

AFL Falck Italy 
Blenio AG Switzerland 
Sao Paulo Lt-Service de ‘Electricidade Rio das Pedras... Brazil 

Sao Paulo Lt-Service de Electricidade Rio das Pedras. 

Azienda Elettrica Municipale 


Francis Turbines 


Oslo Lysverker Hemsil | Hemsi! 

Forces Motrices du Mauvoisin Fionnay 

Vinstra Kraftselskap Kraftanlegg Vinstra 

Soc Idroellettrica Selt-Vaidarno Val Noana Cismon 

Hidroelectrica do Cavado SA Paradela Rio Cavado 

Kraftwerke Zervreila AG Safien Switzerland 
Electricite de la Lienne SA St. Leonard Switzerland 
Oslo Lysverker Hol I Hallingsdalselv .. Norway 
Oslo Lysverker Hol | Holselv Norway 
Tauernkraftwerke AG Limberg Kaprun Austria 
Comision Federal de Electricidad Tingambato Tilostoc Mexico 
Trondheim Elektrisitetsverk Nea Kraftaniegg Nea Norway 
Comision Federal de Electricidad El Cobano Tepalcatepec Mexico 
Vorarlberger Jilwerke AG Rodund Austria 
Soc des Forces Motrices de la Selves Lardit France 
Societa Edison Mera | Salto Italy .... 
Snowy Mountain Hydro Electric Authority Snowy TI Tumut Australia 
Comision Federal de Electricidad Ixtapantongo Tilostoc Mexico 

Rio de Janeiro Tramway Light & Power Co. Nilo Pecanha Paraiba Brazil 
Central Electricity Authority Blaenau Wales 


Preussen-Elektra AG Bringhausen Eder Germany 

Soc Adriatica Elettricita.... Somplago Tagliamento 

Hydro Electric Comm of Tasmania Tungatinah Nive 

North Scotland Hydro Electric Board Glen Shira Shira 

Schluchseewerk Co Witznau Upper Rhine 

Fuerzas Elec del Norveste SA Belesar Mino 

Electricite de France Serre Poncon 

Swedish State Power Board Harspranget 

Salto del Sil SA San Esteban 

Federal Power Bd of Rhodesia & Nyasaland. Kariba 

Swedish State Power Board Stomorrfors 

Electricite de France Chastang 

Comision Federal de Electricidad Temazcal 

Govemment of Uttar Pradesh Rihand 

State Hydro Electric Commission Maraetai New Zealand 
Cia Paulista de Forca e Luz Peixoto Rio Grande Brazil 
Ministerio de Fomento Macagua Caroni Venezuela 
State Hydro Electric Commission Roxburgh Clutha New Zealand 


Kaplan Turbines 


Soc Idroelettrica Sarca-Molvermo Nembia 

Electricite de France Bort Les Orgues Rhue 

Soc Idroelettrica Alta Toscana Gramolazzo Serchio 

Soc Adriatica di Elettricita Bracis Cellina 

Chubu Electric Power Co No. 3 Himekawa 

Comision Federal de Electricidad Mocuzari Mayo 

Swedish State Power Board Lasele Angerman 

North Scotland Hydro Electric Board Garry Garry 

Comision Federal de Electricidad El Oviachic Yaqui 

Service Industriel de Lausanne Lavey Rhone Switzerland 
Bayerische Wasserkraft AG Rosshaupten Lech Germany 


Swedish State Power Board Ligga Lule Sweden 
Swedish State Power Board Porsi Stora Lule Sweden 
Swedish State Power Board Langhjorn Angermanhalve.. Sweden 
State Hydro Electric Commission Karapiro Waikato New Zealand 
Tammersfors Linne & Jern Mfg Pyhakoski Finland 
Swedish State Power Board Midskog Indal Sweden 
New South Wales Electricity Comm Hume Murray Australia 
Compagnie Nationale du Rhone Don zere Mondragon Rhone France 
Compagnie Nationale du Rhone Montelimar Rhone France 
Swedish State Power Board Vargon Gotha Sweden 
Electricite de France St Malo Rance France 
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KM - Aktiebol Karlstads Mekaniska Norsk Elektrisk ~ $ Morgan Smith Co of Canada Vi Vancouver Iron Works 

~ Nydquist & Holm Aktiebolag General Electric Co we - Cramp & Sons Shipbuilding 
LM ~ Le Materiel Electrique SW - Newport News Shipbuilding & Dry ~ Societe Generale de Constructions ng C 
Mi $ Morgan Smith-inglis Co Dock Co Electriques et Mecaniques We - Electric Corp 
MS — $ Morgan Smith Co ~ Oertikon Engineering Co ~Soc Nazionale Delle Officine di Wi - Westinghouse Electric intemational 
MV ~ Metropolitan Vickers Electrical Co ~ Pelton Div, Baldwin-Lima-Hami!ton Savigh ano 
NB - (Neyrpic) Neyret Beylier & Piccard Corp ~ Siemens Schuckertwerke AG - a Morgan Co 

Pictet Societe Aisthom Tecnomasio Italiano Brown Bover |, inputs; 

~ Vevey Engneering Works kaplan, P, fixed-bl ade propeller 
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62 1956 cE 25 
258 258 1933 cE 6-40 OE 
15 12 1914 cE 2.4 
142.5 142.5 1950 cE 35 
56 56 CE;BA 20 
215 21S 1954 NB 100 SA 
203.6 203.6 1928 CM SN;GD 
d 664.8 664.8 1959 NB 100 LM 7s 
102.7 102.7 1945 NB 29 SA 
25.4 25.4 1951 CE 9 BB 
200 200 1954 CM 45-57 AG 
48 48 CE;BA 18 
78 78 ©1922 CM 19 Tl 
540 270 1958 CE;VE 15 1-0E 
351 351 1956 CE;EW 55 BB 
215 215 1941 V 31.5 AE 
377 3141959 EWJV AE;SS;E 
115.2 115.2. 1957 45 FA a 
195.3 195.3 1957 428 85 SN 
295.4 295.4 1944 m 50-70 
463 231.6 1957 cE 65 OE 
255 255 1948 JV 45 AE;OE 
300 300 1956 CM 135 —M 
q 126 126 1955 FT 70 GD Bie: 
440 440 1959 EW BB 
528 528 1956 DE;CE 75 cG;cW 
648 648 ©1926 AC; JV;PB;CE GE 
580 290 1959 FT 15 
100 100 1959 50 1,780 NE;BB 
188.4 125.6 1956 62.8 1,490 88 
345 207 (1953 69 1,460 NE;BB 
16 76 1958 16 1,425 TI 
16 16 1956 1,810 8B 
117.7 117.7 1957 58.8 1,385 OE 
46.2 46.2 1956 1345 1, 8B 
260 260 1949 60-70 1,310 NE;BB 
259 259 1949 60-70 1,300 NE;BB 
155.4 155.4 1955 7.7 (1,250 E = 
213 213 «1957 71 1,246 TI 
195 195 1960 65 1,190 NE;BB ‘ 
80.4 40.2 1,138 BB 
264.8 264.8 1943 6.2 1,134 SS 
64 32 1,100 
81.6 81.6 1950 27.2 ‘1,090 SN 
516.8 516.8 1958 129.2 1,065 AS 
154 1541954 3976 1,025 WE;OE 
452 452 1953 50-88 1,000 DE;CE 35-65 WE;CW 
420 420 1961 105 970 428 EE 90 
178 178 1932 “45 950 500 JV 37.5 = 
375 150 1957 75 CM 70 EM 
175 1751953 35 935 600 BC 5 GL 
56 56 1955 56 897 628 EE;HW 45 EE;HW 
300 300 1938 75 853 «333s 68 
315 315 1961 105 435 BC 85 BT 
460 460 1960 115 410-214 CMC; VE;FA SA 
532 400 1951 133 345 «167, NH; KM 115 AS 
362.8 362.8 1955 90.7 338 «214 KM 80 MW 
1,680 700 1960 140 303 «167s BC 100 MV 
712 534 1959 178 240 «125 165 AS 
396.5 396.5 1951 132.2 234 NB-BA 120 SA 
436 249 1958 62.3 195 55 ss 
420 350 1960 70 200 55.5 EE 
250 250 1952 50 19 167 AC 40 CG : 
610 224 (1956 56 155 128.6 MS,DE 40 Wi 
528 352 «(1958 88 10 JV 15 AE 
448 224 1956 56 148 45 BT 
18 18 1957 18 290 14.5 
31.6 31.6 1955 31.6 230 «375 NB 27 AE 
8.1 8.1 1957 8.1 197 600 «CM GD 
27.2 «13.6 1954 13.6 198 EW 10 EM 
80 80 1955 2 190 16 
15 15 1957 15 179 300 «CM il E 
174 174 1956 87 im 18 AS 
28 28 (1956 28 166 250 EE 25 EE 
30 30 1957 15 157 300 E 
109 109 1950 33-42 138 22-35 BB 
66.8 66.8 1955 33.4 1340 200s NV 28 AE 
275 225 (1954 112.5 132 «(124 KM 84 AE 
220 220 1960 110 118 «115.4 100 
111.5 1960 55.8 CM 50 
126 126 1947 42 103 35 
91.2 91.2 1942 45.6 105 150 KM 35 
214 214944 69-76 102 136 57-4? : 
70 35 «1957 35 30 
420 420 1952 70 82 BA FEW 
375 375 (1957 62.5 63 NB;C,BA 
30 30 1938 15 NH, KM 12 
12 12 1958 12 20 Ne 9 
B+ 399 tee 


LE FO 
on 
on 
=> 


100 PARK AVENUE, New York City 


TIDEWATER OIL REFINERY, Wilmington, Del. 


ETHICON SUTURES PLANT (subs. Johnson & Johnson) Somerville, N. J. 


Hartford, Conn 


NITED AIRCRAFT PLANTS, East 


HARVARD GRADUATE CENTER, Cambridge, Mass NORTHLAND CENTER, MILE OF STORES, Detroit, Mich. 
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PITTSBURGH'S GATEWAY CENTER, Pittsburgh, Pa. 


TER PLANT, Stratford, Conn. 


SIKORSKY HELICOP MANUFACTURERS TRUST COMPANY, New York City 
Confidence that the specification “JENKINS” for fidence is reflected in a great many of the impor- 
valves assures the utmost in efficiency and reli- tant plants and buildings constructed during recent 
ability has been shared by building experts and years. Just a few are pictured here. Jenkins Bros., 
plant operating men alike for 93 years. This con- 100 Park Ave., New York 17. 


STATLER CENTER HOTEL, Los Angeles, Cal. 
- 
™ 
£7 
DAN RIVER MILLS, Danville, Va we = 
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LILY-TULIP CUP PLANT, Springfield, Mo. 


CARLING BREWERY, Natick, Mass. 


SOCONY MOBIL BLDG., New York City HOUSTON MEMORIAL HOSPITAL, Texas 


- 


U. LEVER HOUSE, New York City 


JENKINS VALVES . . . for Every Industrial, Engineering and Plumbing-Heating Service 


are specifie 
| YALE & TOWNE PLANT, Philadelphia, Pa. 
CHICAGO PNEUMATIC TOOL PLANT, Utica, Nv. Y. 
JOHNSONS WAX PLANT, Racine, Wis. 
PARKER PEN PLANT, Janesville, Wis DETROIT EDISON POWER PLANT, Detroit, Mich. 
A. STALEY CEREAL PLANT, | 
| (| NO. 
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Cleaver-Brooks tools for quality. This giant boiler-maker — typical of modern equipment used to 
assure fabrication accuracy and long service life — is drilling tube holes using photo-electric control. 


Cleaver Brooks 


ORIGINATORS OF SELF-CONTAINED BOILERS 


Manufacturing at 


MILWAUKEE, WIS. © WAUKESHA, WIS. © LEBANON, PA. 
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Cleaver-Brooks 
leads America and 
the world in 
packaged boiler 
production 


American Industry has installed more 
Cleaver-Brooks packaged boilers than 
any other make . . . in the past 26 years! 
Why? 

We think it’s because along with 
pioneering the packaged boiler idea - 
we pioneered a policy our customers like. 
This policy demands constantly advanced 
design .. . more exclusive features on 
Cleaver-Brooks boilers . . . more boiler 
per dollar for you. This policy insists on 
the most modern production techniques 
— as the big machine pictured here 
demonstrates. This policy guarantees the 
product — supports that guarantee with 
the largest and best-trained force of 
factory servicemen and field 
representatives in the packaged boiler 
business today! 

So when you want to talk business 
about boilers from 15 to 600 hp. — call 
— Mr. Boilermaker 1957 — Cleaver- 
Brooks. Cleaver-Brooks Company, 
Dept. K, 301 E. Keefe Ave., 
Milwaukee 12, Wisconsin. 


19 sizes, 130 models, 15 to 600 
hp — A complete range of four- 
pass, forced-draft design boilers 
for hot water or steam, heating 
or processing. Oil, gas and com- 
bination oil/gas firing. 


ir 


New single-stage chemical cleaning service 
removes copper, water-formed scale from boilers 


Sections of boiler tubes cleaned with and without new 
Dowell Copper Complexing Agent 


Before cleaning (black opera- This section cleaned with 5% 
inhibited hydrochloric acid (4 
hours exposure). Note that 
copper is plated over entire 
tube interior. 


tional deposits intact). 


New Dowell Copper Complexing Agent 


This section cleaned with 5% 
inhibited hydrochloric acid in 
solution with new Dowell Copper 
Complexing Agent (4 hours ex- 
posure). Note complete absence 
of copper plating and how 
clean interior is. 


Prevents Copper “Plate-out” During Acid Cleaning 


Dowell research has solved the problem of removing 
copper deposits, along with iron oxides and other 
water-formed deposits, in a single-stage, acid-fill 

boiler cleaning job. This single-stage chemical clean- 
ing is made possible by a new copper-complexing 
agent*. When added to Dowell’s regular cleaning 
solvents, this agent acts to dissolve copper 
deposits, and to complex copper ions so that 
they remain in solution in the spent acid 
and do not plate out on the newly cleaned 
metal. 


Removal of copper from boiler tubes is of 
prime importance. Galvanic cells may be 
formed between the copper particles and 
exposed steel surfaces. Such cells may 
contribute to pitting during normal 
operation of the unit. Also copper 


deposits may interfere with heat transfer, leading to 
localized over-heating and sudden failure of the 
boiler tubes by rupture. Freshly plated copper may 
even slough and cause stoppage of the tubes. 


Another distinct advantage of this new single- 
stage boiler cleaning service is in reduced boiler 
outage time. Boiler tubes can now be chemi- 
cally cleaned—removing copper deposits in 
addition to water-formed scale and sludge in 
about one-half the time previously required 

to perform this service. 


For complete information on how this new 
copper-complexing agent can help you, 
call the Dowell office near you. Or write 
Dowell Incorporated, Tulsa 1, 
Oklahoma. 


*PATENT PENDING 


have Dowell clean it chemically 


A SUBSIDIARY OF THE DOW CHEMICAL COMPANY 
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Power —— September 1957 —— a special report oat 


Always, man has been dependent on sun-derived energy for survival. 
For untold generations in the earth’s dawn days, this relationship was 
instinctive and largely passive. As the savage unquestioningly welcomes 
the sun’s warmth on his bare back, so early man accepted the vegetation 
that fed, the fire that warmed, the wind and tide that helped push his 
frail craft across the waters. Nor did this attitude change greatly when, 
in ancient civilizations, man devised crude waterwheels and windmills to 
harness natural forces to meet his growing needs. The simple forms of 
energy he manipulated were abundant, self-renewing. 


Now, with striking unanimity, those who analyze the conditions on which 
rest future human well-being display keen awareness of energy and its 
manifold importances to civilization. Though they differ in amounts, they 
agree on the truly awesome magnitude of future energy demands, and 
express common concern as to our ability to meet these demands. 


The reasons for this concern have all come into being in the last 200 
years — a mere matter of minutes in the long time scale of man’s exist- 
ence. From a world living almost exclusively on energy “income”, steam 
and, later, internal combustion thrust us into a world largely dependent 
on energy “capital” — the reserves of fossil fuels that are the energy 
legacy of sunlight that fell on the earth millions of years ago. 


The upward spiral in energy use that began with the advent of steam 
power accelerated furiously some 75 years ago when electricity began to 
give incredible versatility and convenience to energy distribution and 
application. As a result, we in the U. S. live in a high-energy civilization 
— a civilization with an appetite for fuel far greater than any the world 
has ever known. Thus, though our reserves may well prove larger than 
we now estimate, they are finite and, sooner or later, their imminent ex- 
haustion will pose problems for future generations. 


Now, with the promise of nuclear energy opening new vistas, it seems 
appropriate to reassess our energy needs and resources. Such an ap- 
praisal must begin with understanding. That is why the report that fol- 
lows, the work of Associate Editor Ben Skrotzki, starts in nature’s end- 
lessly fascinating world of energy, a world with many new aspects even 
for the power engineer who deals daily with energy conversions. From 
the World of Energy, we move in natural progression to Man and Energy, 
the story of the infinitely ingenious ways energy is harnessed for human 
well-being. And we conclude with Energy in the Future, a graphic ap- 
praisal of demands, resources, new energy-winning techniques. 


This presentation is, we believe, unique in both its wide scope and its 
emphasis on the fundamental energy-yielding reactions. We hope it will 
reward its readers — engineers and laymen alike — with fresh insights 
into the nature and significance of energy, greater wisdom for approach- 
ing the more complex and critical energy problems of the future. 


The Editors 
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outer space 


hydraulic energy wind energy 


chemico! energy 


electromagnetic radiations: 
radio waves 

heat waves 

infrared waves 


ultraviolet rays 
x-rays, gamma rays 


atmospheric electricity 


heat energy 


The sun radiates energy prodigiously in all directions. 
But one part in two billion is the earth’s paltry share 
of all this abundance — yet it serves much of the 
: world’s wide-ranging needs. Man must find ways to 
fe @« harness this solar energy to satisfy his special de- 
“ mands and to replace the fast-vanishing fossil fuels — 
our stored solar energy of past ages. 
The sun’s 864,000-mile diameter dwarfs the earth’s 
i 7900-mile span. These dimensions with the 93,000,- 
distance between earth and sun, conspire 
m= to make our energy ration relatively meager. 
We receive our solar energy across empty space as 
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electromagnetic radiations, light and heat being the 
most important forms. Solar radiations are responsi- 
ble for many of earth’s natural features: arid deserts, 
turbulent rivers, vast forests, whistling winds, fossil 
fuels, violent thunderstorms. Without the sun this 
would be a truly dead, desolate world with no form 
of motion or life anywhere. 

Man is just beginning to learn the secrets of the 
sun. He must free himself of traditional prejudices 
to learn new ideas and gain true understanding of 
the universe. He must range from the microcosm of 
the atom to the macrocosm of the stars. 


light waves or photons 


solar energy radiated to all 4 
: 
4 


In the seething inferno of the sun’s core, hydrogen and... 


Our sun, a minor star of the universe, like all of its 
sisters consists of vast masses of hot gases. Enormous 
gravitational forces accelerate the gas atoms toward 
the sun’s center at terrific speeds. This raises the in- 
terior temperature to millions of degrees, ripping elec- 
trons off the atoms and mixing nuclei and electrons in 
a wild melee we call plasma. 

At these high speeds hydrogen nuclei and deuterons 
easily fuse to release the energy created by the mys- 


terious disappearance of part of their mass. Besides 
the energy, fusion creates helium nuclei. This rising 
energy at the sun’s center counterbalances the giant 
inner gravitational forces, preventing the sun’s col- 
lapse into a solid ball. 

Should the fusion reaction slow down, the gravita- 
tional forces again accelerate atoms toward the center 
to “reignite” the fusion reaction. While the sun’s outer 
envelope is a virtual vacuum, its enormous mass makes 


Shey Electrons orbit about nuclei in most substances 
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Sun's colossal interior pressure crushes atoms 


Sun’s turbulent core pro- 
duces about 30% of energy 
released by fusion reactions 
taking place at many mil- 
lions of degrees. Tempera- 
ture drops to 11,000 F on 
sun’s visible surface 


Sun’s density grows from 
zero at surface to 85 times 
that of water at center as 
shown by topographic lines. 
Average density equals 1.4. 
Gas pressure, zero at surface, 
rises to about 2 X 10!! at- 
mospheres at the sun’s center 


... deuterium nuclei fuse to release energy on a cosmic scale 


its central density 85 times that of water, as we know 
it on earth. Yet, the sun is gaseous to its very core, 
under the unbelievable pressure of three trillion psi. 

Two series of fusion reactions or cycles probably 
take place in our sun (1) proton-proton and (2) car- 
bon-nitrogen. In the first, a hydrogen nucleus (a single 
proton) enters a series of three reactions, taking over 
a billion years to complete, that produces a helium 
nucleus, a beta particle (high-speed positron), a 


Carbon-nitrogen fusion cycle forms helium 
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gamma ray and a tremendous quantity of heat energy. 

In the second series, six reactions take over 300 
million years to complete, absorbing 4 protons to pro- 
duce one helium nucleus, three gamma rays, two beta 
particles and high energy release. 

Gamma rays and beta particles deteriorate to heat 
before the energy eventually reaches the sun’s surface, 
a journey requiring millions of years. The sun’s life, 
billions of years, will greatly outlast mankind’s. 


Proton-proton fusion cycle forms helium too 
\400 * 10%, 


+ 


plasma 


0 
9 
2 + 
Ces 


Proton has + charge; electric attrac- 
tive or repulsive forces grow weaker 
at increasing distances. “Potential bar- 
riers” shown by dotted lines have 
strength to repel that is directly pro- 
portional to electrostatic forces. 


Neutron has no elec- 
tric charge, but can 
eject negative electron 
and convert itself to 
a proton. A neutron has 
the heaviest mass. 


Electron has — elec- 
tric charge, small mass 
(1/1840th of proton 
mass). It orbits about 
proton, is held there 
by electric attraction. 


Photon—a_ packet or 


a “particle” of light 
energy, has no mass 
but can be absorbed 
by electron; also called 
quantum of energy. 


“Gravitational” forces of very short range between protons, 
neutrons, and protons and neutrons, hold them together to 
form nuclei of heavier elements. These forces are stronger 
than repulsive electric forces between plus charges of pro- 


tons. To break through electric-repulsion “barrier” protons 
must be slammed together at super-high speeds, sensed as 
super-high temperatures of millions of degrees. When nuclei 
come close enough, short-range forces bind them together. 


In the sun or on the earth, interactions of these particles... 


Matter in any form is made up of a few types of funda- 
mental atomic particles: the proton, neutron, electron 
and some few others not important to us here. These 
particles have plus, minus and zero electric charges, 
and varying degrees of “gravitational” attraction for 
each other. 

Protons and neutrons have almost the same mass, 
the latter weighing slightly more. Electrons have a 
mass of about 0.05% of a neutron. In contrast, the plus 


C*6 


charge of a proton has the same electrical strength as 
the negative charge of the electron— despite the big 
difference in their masses. Photons have neither electric 
charge or mass; each is a minute packet of energy — 
also called a quantum. Quanta always exist as whole 
units; never as fractions of a unit. 

Protons avoid each other because of the repulsion 
of their like (positive) electric charges. Similarly, elec- 
trons avoid each other because of their negative elec- 
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Hydrogen atom has electron spinning around proton at very 
high speed. Electric attraction keeps electron in “shell.” 


Kinetic energy of hydrogen atom speeds it through space 


in gas. Atoms collide in space millions of times per second. 


Atomic collision—kinetic energy of hydrogen atoms converts 
to potential energy in repulsion force between protons— 


bringing atoms to complete stop. Repulsion pushes atoms 
apart reconverting potential energy to atomic kinetic energy. 


approach 


... create energy in various forms—kinetic, heat, radiation 


tric charges. In a hydrogen atom, however, the positive 
charge of the nucleus (a single proton) attracts the 
negative charge of the electron. Normally the electron 
orbits about the proton billions of times a second in a 
path lying on a “shell” surrounding the proton. Atoms 
of a hydrogen gas usually fly about freely at incredibly 
high speeds, colliding with each other billions of times 
a second. Their “potential barriers”, formed by repul- 
sion of like charges, prevent the protons and electrons 
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of different atoms from physically coming in contact 
with each other under normal conditions. 

If protons (or neutrons, or both) closely approach 
each other they exert very short-range gravitation-like 
forces of attraction on each other. These forces are 
much stronger than the repulsion of electric charges 
and so hold the protons in contact; a slight separation 
of protons cuts the force to zero and the repulsion of 
the positive charges sends them flying apart. 


ate 
# 
% 
: 
4 
{ 
| | 
4 
collision 
f 
rebound é A 


For some mysterious reason, if nucleons (protons and 
neutrons) can be brought in contact they lose a very 
small part of their mass. This changes to energy with 
spectacular results. Most of the energy appears in 
kinetic form, the newly assembled nucleus speeding 
off at an incredible rate. Remainder of the energy goes 
to vibrating the nucleons, spinning them about their 
own individual axes, and turning the assembled nucleus 
about its central axis at unimaginable speeds. 


Smashing through the proton’s potential barrier keys the... 


Some of these new nuclei emit energy by throwing 
out radioactivity as alpha, beta or gamma rays in addi- 
tion to acquiring the forms of energy we just men- 
tioned, The reactions shown below, the step-by-step 
building of a helium nucleus from protons and neu- 
trons, indicate the energy released by each added 
nucleon. This energy is called the binding energy. 

Amount of binding energy yielded by successively 
added nucleons varies considerably. The last one 


Fusion changes mass to energy at 
millions of degrees temperature. 
All protons (H atoms stripped of 
their electrons) have tremendously 
high speeds and kinetic energy. 
This makes them crash each other’s 
repulsion barriers during collisions. 
Short-range attractive forces take 
over and bind the protons together 
as an unbreakable unit. 

In a fusion reaction a small frac- 
tion of the total mass of two protons 
vanishes to reappear as energy in 
two forms: 

1. Kinetic energy of double-proton 
high-speed motion, rotation and 
vibration of nuclear components. 
2. Ejection of a positive beta ray 
or particle (high-speed positron ) 
from one proton changing to a 
neutron. Combination proton-neu- 
tron remaining forms a deuteron— 
nucleus of a heavy hydrogen atom. 
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... release of binding energy by fusion of protons and nuclei... 


added to the helium-3 nucleus to make it a stable 
helium-4 nucleus yields over twice as — energy as 
the first two combined. 

Adding a proton to a helium-4 nucleus Pould theo- 
retically form a lithium-5 nucleus, but these evidently 
are too unstable too exist. No such nucleus has been 
found so far. Adding a deuteron to helium-4 forms 
lithium-6 and yields less energy per added nucleon 
than any of the previous additions. So we see that 


nucleons have far from uniform yields of binding 
energy particularly for the light elements. 

Possibly the energy of the universe has been created 
entirely by building up the elements step-by-step, and 
yielding a vast amount of binding energy which powers 
the stars and our sun. Some theories propose that the 
universe originally consisted entirely of hydrogen that 
slowly concentrated over the eons to form our stellar 
bodies. Thus all energy originated from converted mass. 


343.8 X 106 kwhr per lb 2Het 
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45.0 X 106 kwhr per lb added , D2 


| 
| 
; 1H! + on! = :D2 + 27 X 106 kwhr per lb added on! ae 
1D? + 1H! = 2He® +7 + 66.8 106 kwhr per lb added 
3 
2He on! = 2Het 250 106 kwhr per lb added on! 
21H! + 2on! = 
4 


one-ib stock pile of seporate neutrons, protons 


40 X 10° kwhr 
per 90/235 ib nucleons 


+ 


35 protons 


57 protons 


Whenever we have a 1-pound stockpile of separated 
protons and neutrons in the proportions shown above 
we can make any variety of nuclei. Here we compare 
using them two ways. At top we make one pound of 
bromine-90 and lanthanum-145 nuclei using the stock- 
pile in proportion to the number of nucleons each 
element contains. The fusion of nucleons in this pro- 
portion yields a total binding energy of 102.3 million 
kwhr for the pound of mixed elements. 


c*10 


62.3 X 108 
per 145/235 Ib nucleons 


A 


55 neutrons 


88 neutrons 


...amount of binding energy depends on how groups of nucleons... 


When we use the same pound stockpile of nucleons 
to make uranium-235 nuclei only, we get a total bind- 
ing energy of only 92.3 million kwhr; 10 million kwhr 
less than from making the smaller elements. If we split 
the U-235 nuclei into the smaller bromine and lan- 
thanum nuclei we realize this difference of 10 million 
kwhr per pound in binding energy. Thus when we 
build up very heavy elements, at some point we get 
more energy by breaking up the nucleus than by add- 
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binding energy 
106 kwhr per II 


| 


+ 
9gu235 + 92.3 X 108 kwhr per tb nucleons 
Binding energy released by splitting one Ib U-235 into Br-90 and La-145 10.0 
gy P g 
3 


g2U285) + 70 X 106 kwhr per lb added on! 


( = 70/235 or 0.297 X 106 kwhr per Ib U-235) 


s7Lal## + 7 + 10 X 106 kwhr per Ib U-235 


binding energy per odded nucleon, million kwhr per ib 


... combine to produce either small or large atomic nuclei 


ing another nucleon by fusion to make a larger element. 

In the upper reaction we show that adding a neu- 
tron to U-234 yields 70 million kwhr per lb of added 
neutrons equaling 0.297 million kwhr per Ib U-235. 
Whenever a neutron shoots into a U-235 nucleus it 
may fission into bromine, lanthanum and two free 
neutrons. It also emits a gamma ray, and releases 10 
million kwhr per lb of fissioning U-235; almost 34 times 
as much energy from fission as from fusion. 
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Graph, above left, shows the average binding energy 
per nucleon when it is formed by fusion; elements that 
have mass numbers of 40 to 60 yield the most binding 
energy. Graph, above right, shows the binding energy 
released by the last added nucleon during fusion; the 
white curve reproduces the graph at left for comparison. 

We have successfully learned how to control fission 
to produce heat at moderate temperatures; fusion at 
super-temperatures must still be conquered. 


= 
Average binding energy per nucleon Increment binding energy per added nucleon 5 
si 
3 
3 
= 
2 
| 
4 
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Combustion unites elements in 


Combustion—which properly refers to all heat release 
by chemical combination— also depends on converting 
mass to energy. But binding energy released per pound 
of mass is so small, loss of mass can’t be measured. 

Burning primarily involves the electrons rather than 
the nuclei of the element. Each element has a specific 
number of protons and equal number of electrons. 
Electrons move around in “shells” surrounding the 
nucleus. Hydrogen and helium have one shell with 


helium 


lithium 


heat-yielding combinations... 


one electron for the former and two for the latter. 
Heaviest elements have five shells with a theoretical 
maximum of 110 electrons—heaviest discovered to date 
has only 102 electrons. 

Ability of elements to combine in a heat-yielding 
reaction depends on the number of electrons in their 
outer shells. For instance, chlorine with seven electrons 
in its third, outer shell combines avidly with sodium 
having only one electron in its third, outer shell. The 


moximum number of possible electrons in five shells 
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ges involving the regrouping of critical outer-shell electrons 


two atoms enter into a more stable arrangement by 
pooling their outer electrons and forming a salt mole- 
cule. During the reaction, a minute part of the mass 
of the electrons disappears to create kinetic energy of 
the molecule. We recognize the energy as heat. 
Many chemicals react in heat-yielding combinations, 
but most are more valuable for purposes other than 
heat production. Common fuels contain hydrogen, 
carbon and sulphur which combine readily with oxy- 


oxygen 


activation 


energy 
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gen to form gaseous compounds, yield heat and light, 
because their outer electrons complement each other. 

Elements with their outer shells filled with the maxi- 
mum possible number of electrons are very stable and 
refuse to combine with other elements; for example, 
helium with two electrons in its single shell, is extreme- 
ly stable chemically. Neon, its second, outer shell filled 
with 8 electrons is an inert gas that refuses to combine 
with any other element because of its stability. 


+ 7,700 Btu per lb Na 
(2.26 kwhr per lb Na) 


+ 14,150 Btu per lb C 
(4.15 kwhr per Ib C) 


* 


+ 52,100 Btu per lb H 
(15.26 kwhr per Ib H) 


me fuel-oxygen mixture 


reaction 


/ 


| 
ED 
reaction combustion gases _ photons 
c*13 x 


Sound waves in tube pass along energy from vibrating 
piston, left, by air elements contracting, expanding 


Stationary electron has only 
| an electrostatic field radia- 


ting in all possible directions 


Moving electron creates mag- 
netic field, while it carries 
along its electrostatic field 


i 


Water waves pass along energy without any part of the 
water moving very far in the direction of energy travel 


Electron beam moving 
through magnetic field bends 
because of field reactions 


Impelled by natural forces, energy travels in many ways... 


Once created, energy in its various forms may travel 
far distances. Sound waves are a form of mechanical 
energy transmitted by adjacent masses of air alter- 
nately contracting and expanding. These act as a 
“bucket brigade,” a mass receiving energy from one 
neighbor and passing it along to the other. While the 
energy travels far, the “carrying” medium stays in one 
general location with a minimum of motion. 

Water waves are another example of traveling me- 


C14 


chanical energy. While the destructive forces of storm 
waves may be transported half-a-world away, the 
water itself does not flow as a current in the direction 
of energy movement. All waves have the peculiar 
property of being able to augment or nullify each other 
depending on their relative lengths or periods. 
Electrons can also be harnessed as carriers of energy. 
A stationary electron exerts its electric attraction or 
repulsion through an electrostatic field; but a moving 
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Electrons in outer shells of aluminum atoms of a conductor 
are loosely held and may wander freely from atom to atom. 


When magnetic field sweeps across conductor it reacts with 
“free” electrons’ fields forcing them towards end of conductor 


= one light year 


— diometer of sun 

mite 


man 


= one inch 


electron immediately creates a magnetic field of its 
own, This makes electrons respond to any magnetic 
field. When magnetic fields sweep across electrons 
they can be set in motion; and when moving electrons 
pass through a magnetic field their path depends on 
the relation of the field to electrons. 

Conducting metals have their atoms so closely 
packed that their outer electrons can pass easily from 
atom to atom. Normally these electrons distribute 
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Electromagnetic waves have the ability to transmit large amounts of energy. Here’s how they compare with other lengths 


diometes of our galoxy 


diometer of earth 


limit optical microscope 


limit electron microscope 


— atomic diameters 


...electron flows, waves, and electromagnetic radiations . 


a diameter of solar system 
diameter of earth's orbit 


todio waves 


infrared 
light : solar energy 
ultraviolet 


x-rays 


electromagnetic wove length, inches 


gomme rays 


cosmic rays 


themselves evenly throughout the metal. A magnetic 
field sweeping over the conductor forces these “free” 
electrons toward one end of the conductor. This sets 
up a voltage between ends of the conductor because 
of negative charges of the excess electrons at one end, 
and excess positive charges of the electron-deficient 
atoms at the other. Connecting ends of the conductor 
through an outside metallic loop lets the electrons flow 
to the electron-deficient end, creating a current. 


electric charge +3 +3 43 +] 0 ~2 
electric potential difference = 7 units 

2 60-cycle o-c 
| 
= ‘ 

{ 3 

4 
C15 


... and of these energy carriers, electromagnetic radiations... 


Most interesting form of transmitted energy is the 
electromagnetic (e-m) radiation or wave. An electron, 
an atom, or a nucleon moves at one point and other 
electrons, atoms or nucleons move in sympathetic 
response, even if separated by astronomical distances. 

The previous page lists the roster of electromagnetic 
radiations with their respective wave lengths. While 
we speak of wave lengths, there is no medium that 
actually waves in transmitting energy from point to 


number of electrons 


energy 
in 


Magnetic field sweeping conductor, left, makes electron 
flow in closed circuit regularly change direction. Elec- 


igh-frequency 
osciliating 
electron flew 


generator, 
energy in 


Electrons oscillating in antenna at high frequency can 
make electrons act the same way in other antennae con- 


point. The wave idea is a mathematical abstraction. 
Actions taking place in this form of energy trans- 
mission can be predicted by using the mathematics of 
wave mechanics. 

To further confuse our efforts at understanding, 
some e-m radiations like light, X-rays and gamma rays, 
at times act like particles called photons, rather than 
waves. These photons are elementary particles of 
energy having no mass or electric charge. 


trons pile up on high-voltage side of circuit through a 
wave-like motion characteristic of alternating currents 


induced oscillating 
electron flow 


energy out 


nected to a “tuned” circuit. Behavior can be “explained” by 
action of radio wave that moves through truly empty space 


Atoms or molecules with heat vibrations can make other 
atoms and molecules at distance vibrate with heat, without 


complete atom or 
molecule vibrating 
with heat sends 

out heat ‘‘waves"’ 


aid of intervening medium. Action duplicates what could 
be done by a hypothetical heat wave moving between atoms 


compiete atom or 
molecule hit by heat 
radiation increases 


its heat vibrations 
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...are most intriguing, acting as either waves or particles 


Theories have been advanced to explain these ac- sloshing back and forth between opposite sides of the 
tions in terms of all-pervading force fields incorpo- circuits in a type of wave motion. In a sense this is 
rating electrostatic, magnetic and gravitational typified by the traditional sine wave used to explain 
properties. Whatever explanations eventually stand up alternating current flow. Ordinarily we do not class 
will probably be based on ideas not obvious to our — electric currents as e-m radiations, but we can assign 
senses. True understanding of nature still proves elusive. them a wave length. 

Nearest actions that use “actual” wave motions are The propagation of heavy energy flows by e-m radi- 
the alternating currents flowing in closed electrical ations seems to hold intriguing possibilities but radical 
circuits. Here we can think of the “free” electrons difference in wave lengths still proves a barrier. 


excited electron. jumping back outer electrons of some 


from outer to normal adjacent metals hit by photon may 


orbit emits light waves or photons fly free of atom | 


When excited electron in atom jumps from an outer orbit on eye nerves at distance, and can knock electrons out 
to its normal orbit, it produces light energy. Energy reacts of metal atoms. Waves or photons “explain” the actions 


highly-excited electron jumping paetrote 
back into inser norma! 


many solids—ollurately 
orbit radiates x-rays dissipate as hea! energy 


When highly-excited electron jumps from an outer orbit to like waves, though no material medium carries the hy- 
its normal deep inner orbit it radiates X-rays. These behave 


pothetical wave. X-rays penetrate many types of solids 


Excited nucleus carrying more energy than it can contain, like X-rays, have wave characteristics but 


nothing 
rids itself of excess by radiating gamma rays. These behave 


actually waves. Gamma rays have high penetrating power 


excited nucleus ejects gamma rays con penetrate 
excess energy by many solids~ultimately 


dissipate os heo? energy 


emitting gamma ray 
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Though all energy stems from the activity of atomic particles... 


In the world of energy, as we have seen, the great cen- 
tral fact is the sun, of which our own earth was once a 
part. Though our cooled-off globe now bears no re- 
semblance to its fiery parent, both are formed of the 
same basic particles of matter. And in both the inter- 
actions of these basic particles, with a resulting loss of 
mass, are the source of all our energy. 

Just as the fundamentals of the release of energy lie 
in the reactions between atomic particles, so does the 
basis for energy transmission lie in the motions of these 
particles. Thus, in a very real sense, exploring this 
microscopic world of energy at the atomic level forms 
a necessary prelude to understanding the manifesta- 
tions of energy in the macroscopic world around us, the 
world revealed to our senses. 

Looking at this world around us, we see that much 
of the energy being released comes from the conversion 
of matter that is part of the earth, matter that cannot 
be replaced. And, even more important, it comes from 
particular forms of matter that are limited in amount. 
This is what happens when fuel from earth’s age-old 
fossil storehouse is burned, when uranium from the 
earth’s crust fissions. No matter how much fossil fuel 
may lie hidden beneath the earth’s surface, the amount 
is finite and the day will come when there is no more. 
And this is equally, if less predictably, true of earth 
matter that can be fissioned or that might take part in 
nuclear fusion reactions. 

Yet, at a rate that dwarfs these earth-matter con- 
versions, energy is being manifested all around us, 
coming from sources that, while finite, are so long-lived 
as to be endless in man’s time scale. Some of these 
“continuing” energy manifestations result from the con- 
version of matter in the sun, some from the continued 
cooling down and adjustment of this once white-hot 
earth. All are sun-derived, either in the cosmic past or 
continuously in the present, and all will die when the 
sun dies. 

These continuing energy manifestations are charted 
on the facing page, in order of the amount of energy 
they yield each year. The chart’s horizontal scale is 
logarithmic, to bring the vastly different magnitudes 
within the confines of a page. Let’s look at each briefly 
here; the following pages examine them in detail. 

Vulcanism: Our cooling earth has a shrinking crust. 
Not many miles down the inward pull of gravity exerts 
tremendous pressures on the underlying rock. These 
rocks are hot enough to melt at atmospheric pressure, 
but the colossal weight of the overburden keeps them 
solid. As the crust slowly folds during shrinking, tempo- 
rary pressure relief lets some of the rock melt. This 
molten rock, or magma, finds its way to the surface 
through fissures. The hot magma forms volcanos, fuma- 
roles or steam vents, geysers and hot springs. 

Wind: Solar energy continuously pouring upon the 
earth heats the air to set up gigantic convection cur- 
rents in our atmosphere. Combined with the earth’s 
rotation, they set up a complex wind pattern on the 
surface of the earth. These winds carry enormous 
amounts of mechanical kinetic energy. 

Atmospheric electricity: A byproduct of atmospheric 


c*18 


convection currents are the thunderstorms that occur 
continuously, in one place or another. These storms act 
as electrostatic generators, giving the atmosphere a 
positive charge (electron deficient) and the earth a 
negative charge (electron excess). Because of the 
voltage difference an electric current flows continu- 
ously from the earth to the atmosphere. 

Tidal flow: Twice a day, rising and falling tides draw 
upon the spinning kinetic energy of the earth. Friction 
of water flow against the ocean bottom, as a result of 


‘ebbing and flooding, inexorably but infinitesimally, 


slows the turning of the earth on its axis. Pull of the 
moon acts as a “catalyst” in transforming minute parts 
of the earth’s kinetic energy to tidal energy. Maximum 
tidal height varies considerably over the surface of 
the earth. 

U.S.A. energy use: This figure gives some idea of 
how these annual energy yields compare with 1956 
demand for all energy types in the U.S.A. 

Tropical waters: In tropical regions solar energy 
heats up ocean surface water to temperatures as high 
as 85 F or even more. At depths below 1500 ft, temper- 
ature may be 45 F or less. This approximately 40-F 
temperature “head” represents potential energy. 

Earthquakes: As the crust of the slowly cooling earth 
folds, the subterranean rock is placed under unequal 
pressure. This gives rise to local strains of tremendous 
dimensions. A sudden fracture of the surface rock re- 
leases the strain and often moves vast volumes of rock 
distances up to several feet. This transformation of 
potential strain energy to momentary kinetic energy 
occurs infrequently and unpredictably. 

Photosynthesis: Through the magic of chlorophyll, 
solar radiations help to synthesize atmospheric carbon 
with hydrogen from ground water to form carbohy- 
drates in living plants. Through further complex con- 
versions, vegetation supports human and animal life, 
providing the basic chemical energy that is trans- 
formed into muscular work. And the carbon-hydrogen 
combination in vegetation is suitable for combustion. 

Heat conduction: When the earth was flung out of 
the sun it was initially a mass of whirling, white-hot 
gas. Over billions of years, the earth gradually cooled 
until it now has a temperate exterior. But the core is 
believed to be largely molten metal at a temperature 
of about 10,000 F, close to the surface temperature of 
the sun. There is a steady heat flow from this 1800- 
mile-deep molten core to the earth’s surface. 

Hydraulic cycle: Solar heat evaporates the ocean 
waters to humidify the air above. Cooler altitudes con- 
dense this humidity into clouds that are carried over 
land areas. As mountains force the clouds to yet higher 
altitudes, rain and snow precipitate because of the 
additional cooling. Some of the rain runs off the surface 
to form rivers that flow back to the oceans. 

Solar heat: The earth receives enormously large 
amounts of heat energy from the sun, about 10,000 
times the amount of hydraulic energy in river flows. The 
atmosphere absorbs much of this energy, and in most 
parts of the world clouds often screen the earth’s 
surface from this life-giving energy radiation. 
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volcanoes 


atmospheric electricity 


U. S. A. 1956 total 
energy consumption 


tropical waters 


temperature difference 


earthquake 


photosynthesis 


heat conduction 


hydraulic 


solar radiation 
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Earth’s slowly cooling globe still hides a fiery core because... 


The speck of dust we call our earth is believed solid granite crust 
to be a child of the sun. By some cataclysm, " 19 miles thick cov- 
billions of years ago, the sun spewed out bits of ‘ ered by thin sedi- 
its hot gases. These began orbiting about the mentary deposits 
sun, and cooled off to form the planets, one of 
the smallest being our familiar earth. 

Since cooling always starts at the surface of a 
sphere with heat traveling from the center out, 


plastic ferromag- 
nesian rock, about 


the surface gas cooled first to a hot liquid then 1800 miles thick 

to a hot solid crust. Finally the hot crust cooled 

down to “livable” temperature levels while the RSW 

center of the earth has remained a hot liquid. ed 4 
Various evidence suggests that the core of the Z **molten'’ iron- 4 

earth probably consists of molten iron or iron- nickel core, 4360- i 


nickel alloy at a temperature of about 10,000 F. miles diameter 
Gravitational attraction of the particles of the 
earth’s mass for each other produces terrific 
pressures at the center. Core pressures are cal- 
culated at 50,000,000 psi. At these high levels, 
material in the earth’s mantle and core must 
appear entirely different from the familiar mate- 
rials on the surface. As cooling continues, earth 
matter contracts and becomes denser, causing TAN 424 


\\s 
LWA NG 

pressure = 


terrifying earthquake tremors that often leave 50,000,000 psi 
sweeping damage in their wake. vomperatereme 
10,000 F 


Spectacular volcanoes release energy from the earth’s mantle... 


Volcanoes, awesome and terrifying in their dis- 
play of energy, have appeared at many places 
on the earth. Present volcanoes are active around 
the borders of the Pacific Ocean, on some Pacific 
islands, Iceland, in the Mediterranean region, 
West Indies and East Africa. 

While we normally think of white-hot lava or 
magma as coming from the bowels of the earth, , 
we should not conclude that it comes from the TLL hp 
liquid-metal core. Not too many miles down, 
rock must be at temperatures above its atmos- : 
pheric-pressure melting point. But enormous 
gravitational pressures keep it in a solid state. 

While the earth continues cooling, slow fold- 
ing of its crust and mantle must, at unpredict- 
able times, locally relieve some of the deep- 
down pressures so that the “superheated” rock 
becomes fluid. The white-hot magma then mi- 
grates upward and sideways through fissures in 
the rock strata. Where fissures do not exist, the 
magma may melt away rock in its path. 

In some places the magma breaks through the 
surface to form volcanoes. When this occurs ; 
it releases vast quantities of carbon dioxide, upward flow of magma (lava) at about 4000 F, 
nitrogen, steam and other materials. thousands of psi, containing minerals, gases, steam 


- 
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...Uts crust and mantle are flow 


When we stop to consider that the earth’s core 

temperature is 10,000 F, we might wonder why E 

life here on the earth’s surface wasn’t long ago persq | fs mile 

scorched in a fiery inferno. The reason lies in Ly, 

the insulating qualities of the earth’s crust and 

mantle. On the average about 1 Btu per sq in. 

per year seeps through the earth’s surface from 

below — both through land and ocean bottom. 

As we dig into the earth, the crust temperature 

rises about 16 F for every 1000 ft. At a depth en Sane 

of 30-miles the temperature must be about 2200 

F and the pressure about 300,000 psi. 
Most surprising aspect of this heat conduction ANE; 

is its high rate. Considering the conductivity of 

the earth’s mantle and crust and its core tempera- 

ture, the heat flow appears to be much too high. aC 

Most likely source of this excess heat flow is the A Ey 

nuclear radioactivity of some of the elements to lr 

in the mantle and crust. As alpha, beta and 

gamma rays shoot off from the disintegrating ] 

atoms, their energy degrades to heat and flows mile depth Sorliy 

upward to join the energy coming from the LUI isa) 

core. As the heat flow diagram, right, shows, we ; 

over 75% of the energy flow originates from from moiten-iron core 

radioactivity in the earth’s crust. 


mantle Sto molten-{ 
iron core 
won cre 
ot 1800- 


as, in less violent form, do steamy fumaroles and hot springs 


Fumaroles and hot springs show us another 

phase of vulcanism. These are tamer forms of # 

volcanic action. Here the magma probably has 
found its way from the depths into a large under- 
ground cavity where the steam and gases can 
separate from the molten rock. The magma may 
actually be boiling or the steam may be released 
while the magma crystallizes. 

Steam finds its way upward through fissures 
in the rock strata. After threading its way 
through tortuous paths the steam vents to at- 
mosphere at pressures of about 400 to 500 psi 
and temperatures of about 400 F. Pressure and 
temperature of the magma in its underground 
cavities undoubtedly are considerably higher. 
Italy, New Zealand, Iceland, California and other 
locations have such “natural” steam generators. 

In some areas the superheated steam from a 
pocket of magma passes through an aquifer, a 
sandy or gravelly strata, bearing underground 
water. Steam mixes with the water and carries 
it upward through fissures to the surface, forming = 
boiling or hot springs. Another form of this Y 4 magma = boiling or crystallizing — 
action is the spectacular intermittent geyser, fa- j of high pressure and 


mous in the state of Wyoming. 


spring, 212 F 


several th 
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Winds, erratic though they seem, follow a basic 
underlying pattern of motion. The path to the [% 
source of our winds leads us back inevitably é 
to the sun. Solar radiations heat the earth’s air 
near the equator more than at the poles. Heated © : 
air at the equator rises (forming a low-pressure 
belt L) to high altitudes and moves toward 


> both poles. Cooler air on the earth’s surface 
moves toward the equator to replace the rising 
hot air, creating a surface wind. 2 
But other natural forces complicate the basic 
pattern: Uneven distribution of land and sea 
surfaces cause solar heat absorbed by different _ ‘ 
areas to vary. The centrifugal force, resulting } 
from the earth’s rotation, channels the air in | " 
‘ different paths. Near the equator it tries to pile § i 
j up the air but the solar heating effect dominates és i 
and forms a low-pressure belt. High-pressure 
belts H, however, parallel the equator on the 


north and south. Low temperatures overcome 
the effect of centrifugal force at the poles, drain- 
ing away the surface air and forming high- 
pressure areas; but low-pressure belts surround 
these areas. All these natural forces help create 
our westerly and trade winds. : 


The sun’s heat keeps the earth’s waters cycling endlessly . 2s 


Hydraulic energy in our river flows also can | £& 
be traced back to the sun. Elevated position of =~ 
the water above the ocean toward which it f i 
os flows, gives it mechanical potential energy. Let’s © 
\ | / look at the processes that carry the water to its 
solar radiation cloud precipitation higher elevation. ‘ 
All of our lakes and rivers are formed by ~ 
; rain that originates from the oceans of the world. © 
Solar radiations warm the ocean’s surface water 
aD and evaporate a small amount into the atmos- 
ps phere above. The vapor then rises to the cool ; 


. high altitudes. Here some of the vapor con- 


water evaporation 


‘a denses into minute water droplets, forming the = = 
clouds in our atmosphere. 
: any High-altitude winds carry the clouds over 
—~. land and elevated areas, forcing the clouds 
higher, into even cooler altitudes where more 
: vapor condenses into droplets. These merge and 


precipitate as rain, hail, or snow. Some of the © 

: rain collects in rivulets, brooks, streams and 

, lakes, eventually forming turbulent and placid 
rivers that flow back into the vast oceans. 

The available potential energy in the river 

water at its highest levels is but a small fraction 

of the potential energy it had in cloud form. 
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... the spinning of the earth, which also moves the rhythmic tides 


Rythmic rise and fall of the earth’s tides give 
an impressive but quiet demonstration of large 
amounts of energy used in moving ocean waters 
back and forth. Not only water but solid land 
moves up and down in the tidal sequence. Land 
rise amounts to about half that of water. 

high tide Tidal action depends on the gravitational 
———— ———-— gravitational force — — attraction between earth and moon, and the 
: earth's faster rotation about its axits—one turn 

ere per day compared to the moon’s 28-day cycle. 
Here’s what happens: The moon pulls harder 
on the earth’s nearer surfaces than on surfaces 
facing away from it. This makes the earth slight- 
ly egg shaped. Also, the earth’s rotation drags 
the tidal crest along with it so that the crest 
leads the center line connecting earth and moon. 
Net effect of these tidal interactions is to 
infinitesimally slow down the earth’s rotation. 
Our days are becoming about 1 second longer 
every 120,000 years. Tidal energy originates 
from the kinetic energy of the spinning earth. 
The sun plays a small part in tidal effect by 
augmenting the moon’s pull when sun, moon 
and earth are aligned. When the sun is at right 
angles to the moon and earth, tides are lower. 


earth's rotation 


low tide 


high tide 


earth's rotation 


low tide 


high tide 


low tide 


while the variable winds whip up waves on water surfaces 


Water waves demonstrate their overwhelming 
energy content by occasionally wrecking ships, 
jetties, and piers, and undermining cliffs. In 
storms, waves move giant ocean liners up and 
down with effortless ease; they can even deluge 
and lay waste large land areas. This undulating 
motion of vast masses of water manifests the 
exchange of energy, originating at distant areas, 
between adjacent water particles. 

Most often, waves are created by winds; some- 
times by disturbances such as_ earthquakes. 
Wind-created waves represent a continuous 

tranemined vorving supply of migrating energy. Paradoxically, the 
kinetic energy potential energy water carrying the energy is not displaced. 

Careful studies show that water particles in- 
volved in wave motion follow an elliptical path. 
At the bottom of the path they have momentary 
kinetic energy moving opposite to the direction 
of wave motion. Here, the particles also have 
minimum potential energy; this corresponds to 
the wave trough. At the top of the path, corre- 
sponding to the wave crest, water particles have 
momentary kinetic energy in the direction of 
wave motion but a maximum of potential en- 
ergy. Waves do not affect deep water. 
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ultraviolet light 


relative radiation energy 


q-.- energy received outside atmosphere 


energy received at earth's surface 


0.5 


radiation wave length, 10~* in. 


0.04 Btu per hr per 


440 Btu per hr 
per sq ft radiant 
energy from sun 


190 Btu per hr per 
sq fi reflected by 
atmosphereand sur- 
face toouter space 


180 Btu per hr per 
sq ft absorbed and 
reradiated by all 


sq ft used: (1) by 
carbon fixation via 
photosynthesis (2) to 
lift water into sky 
(3) to activate winds 


woter 


70 Btu per hr per 
sq ft absorbed ond 
reradiated by land 


Solar radiations power the magic process of photosynthesis .. . 


Of the solar energy received by our globe, practically 
all of it is reradiated to outer space within a few hours. 
Only a minute percentage of solar energy goes to vege- 
tation, lifts water from the oceans or stirs up the winds. 
Solar radiations that arrive in the form we normally 
think of as light, have the highest intensity; but the 
wide range of heat or infrared radiations reaching the 
earth comprise the largest quantity. 

Photosynthesis holds the biological key to life. 


6 CO, 


(from air) (from ground water) 


(solar radiation) 


Through the magic catalytic action of chlorophyll, 
solar energy sparks the chemical combination of carbon 
from the air with hydrogen from ground water, to form 
the carbohydrates of plant fibers. This provides the 
fuel for all forms of animal life — food. Without food 
all animal life would perish. But carbohydrates also 
combine to yield a cellulose fuel that can release heat 
energy by the process of combustion. 

Wherever substances near each other are at appre- 


new growth 


free O2 


. 


6500 Btu per Ib 
carbohydrate 


CeHi0Os 6 O2 


(new plant matter) (to air) 
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solar ra 
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solar radiation E> 


86-F surface temperature 


ciably different temperatures, the difference represents 
a form of potential energy. Oceans in the tropic regions 
are typical examples. Solar radiations heat the surface 
waters almost continuously during daylight hours. But 
the deep waters over a thousand feet down are com- 
paratively icy. Absence of convective circulation main- 
tains these differences, preserving a temperature head. 

Thunderstorms consist of cloud “cells” that have an 
active life of about two hours. They occur every minute 


diation 


+ + + 


rising warm, humid 


air currents 


@ — 30 volts per ft 


temperature, 


+ 


+ 


... warm the tropic oceans and spawn ever-present thunderstorms 


of the day in one place or another on the earth’s surface. 
Thermal currents generate them, carrying aloft moist- 
ure that forms the cloud. At high altitudes water 
freezes, ice becomes negative, water positive. Winds 
carry off the positive water ions, giving the atmosphere 
a positive charge, the earth a negative charge. This 
voltage creates a measurable flow of current between 
the earth’s surface and the atmosphere. Electrostatic 
voltage difference runs about 30 v per ft altitude. 


1000 ft 
- 40 


altitude, 


ice crystals 


+ 
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These forms of energy, then, span nature’s full range 


Important energy forms 


Nuclear 

Fusion of light elements 
Fission of heavy elements 
Radioactivity 


Chemical 
Fuels 
Chemicals 
Electrolytic 
Foods 


Thermal 
Combustion 
Solar 


Terrestial 


Mechanical 
Potential 
Elevated bodies 


a/2 Deformed elastic bodies 


b 


Kinetic 


Moving bodies 


b/2 Turning bodies 


c 


d 


Vibrating bodies 


Wave motion 


Electromagnetic 
Waves or photons 
Electrostatic field 


Electromagnetic field 


Free particles 
Electrons 
Atoms 
Molecules 
Nuclei 


Ions 


The impressive array of energy forms, left, represent the 
highlights of our story thus far. They span the complete 
range, from the macroscopic to the microscopic — from the 
sun to the atom. 

Among these energy forms many interchanges and con- 
versions are possible. We see many of these occurring 
around us through the interplay of powerful natural forces. 
But all energy forms eventually convert to heat, which is 
radiated from the earth’s atmosphere to outer space. 

In this age of the atom, we have learned many secrets 
of our energy world. But others still remain veiled in 
mystery. They represent a tremendous challenge — a chal- 
lenge that will spur man to new frontiers of understanding 
in the years and generations ahead. 

In this wondrous pattern, the sun is clearly the supreme 
force on which our entire future depends. 


1000 


10,000,000,000 
A.D. 


10,005,000,000 A.D. 
4 


relative brightness 


0.1 
0.01 0.05 0.1 


relative diameter 
source: George Gamow 


What will our solar system be like billions of years from 
now? Even the sun has a limited mass that can convert 
to energy. One theory predicts that the complex inter- 
actions of gravitational forces and fusion-energy in the 
bowels of the sun is now making it larger and brighter, 
above. In about 10 billion years the sun will become 300 
times brighter than it is now. Later, it will shrink while 
becoming still brighter. In the following 5 million years, 
as the sun consumes its hydrogen by fusion, it will dim 
to a white dwarf star. This evolution may end with the sun 
exploding in a supernova, wiping out the entire solar 
system while our galaxy goes wheeling on through the un- 
imaginable space of the universe. Long before this event 
mankind’s short life span will have come to an end. 


75TH ANNIVERSARY * POWER * SEPTEMBER 1957 


a 

b 

Cc 

a 

b 

: d 

b 
100 
| | 

/ 

0.5 1 5 

b 

a 

b 

d 

e 


To the world of energy we now add a most im- 
portant element—man. Though, from a cosmic view- 
point, man has had relatively little impact on nature’s 
energy patterns, energy has brought sweeping 
changes to the ways of man. 

Man’s early efforts in harnessing energy tapped 
the power of winds and falling water. He also 
warmed himself by burning “vegetable” fuels. 

During the past two centuries man has tremen- 
dously accelerated his use of energy by tapping the 
stored solar energy of past ages—the fossil fuels. 
And, most recently, he has learned the secrets of 
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the atom, unlocking still greater energy resources. 

But the rewards of his energy-producing tech- 
niques could not be fully realized until he found 
ways of putting this hard-won product to work for 
his comfort and well being. And so he devised and 
perfected a multitude of devices that convert energy 
into forms that are easily transportable and adapted 
to his many special purposes. 

Man’s present understanding of energy — and his 
ability to manipulate it — have been many years 
in coming; but his efforts have given reality to age- 
old dreams and promise greater wonders to come. 
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Ancient man worshiped the sun_be- 
cause he believed that his well being de- 
pended on this radiant star; he had far 
greater justification for this intuitive be- 
lief than he dreamed. In truth, his very 
existence rested on a sun-supported bio- 
logical cycle of which he was only 
vaguely aware — and which he never 
completely understood. Today, our lives 
depend on this same cycle. But we have 
learned to use it more efficiently. 

Solar energy plays a central role in 
the growth of vegetation, supplying the 
necessary water by sustaining the earth’s 
vast hydraulic cycle. And, through the 
mysterious catalytic action of chlorophyll, 
the sun’s energy is captured and stored 
in plant fibers as chemical potential 
energy. Man puts this vegetation to two 
main uses: food and fuel. But he discov- 
ered its food value long before he learned 
of its potential as a fuel. 

Animals of use to man also play a sig- 
nificant role in the biological cycle. 
They live by consuming vegetation, pro- 
vide man with another important source 
of food and can do his heavy tasks. 

As both men and animals consume 
food and do mechanical work, they gen- 
erate body heat. The mechanical energy 
expended changes the form of the mate- 
rial worked. Tilling the earth or breaking 
wood into kindling are familiar ex- 
amples. The energy quickly degrades to 
heat, warming the earth and the plow 
by friction; or heating the axe and the 
wood by impact and friction. Finally, 
the heat dissipates by infinitesimally rais- 
ing the temperature of the atmosphere 
and radiating to the vast cold reaches 
of outer space. 

This age-old biological cycle, long fa- 
miliar to us, uses only the barest trickle 
of the sun’s energy radiation. We must 
release vastly greater amounts of energy 
to sustain a modern civilization. 
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Modern man exists biologically on the 
same energy flow that his ancestors did 
thousands of years ago. But his whole 
industrial, commercial and domestic 
civilization depends on energy that has 
been stored in our earth for millions of 
years in the form of fossil fuels. 

Geological eons ago the young sun 
supported the growth of strange, weird 
forms of vegetation and animal life on 
our earth. The photosynthesis process, 
keyed by chlorophyll, stored solar en- 
ergy, as chemical energy, in vegetable 
and in low forms of animal life. As this 
biological life died, its substance decayed 
to a residue that held the chemical 
energy intact. 

During millions of years this bio- 
logical residue has accumulated to con- 
siderable depths in some areas. The 
reason for it: Our cooling, shrinking 
earth buckled, raising massive mountain 
ranges in some areas and allowing 
ancient seas to flood sinking land in 
other areas. This continual redistribu- int 
tion of earth stresses buried the biological 
residue at various depths. Today we find 
this residue in the form of fossil fuels. 

At ever faster rates, we dip into these 
limited energy reserves to keep our- 
selves warm, to light the night and to 
power our machines. The diagram, 
right, shows but one of the many chains 
of energy conversions between raw fuel, 
man’s use, and final dissipation as heat 
from the earth’s atmosphere to outer 
space. Though many of the elements 
shown are familiar to us, we often forget 
that they are but part of a cycle that 
began eons ago. 

In the pages that follow, we see the 
impressive array of energy converting, 
storing and transmitting devices that are 
the basic elements in all of the many 
energy chains that help support our com- 
plex industrial civilization. 
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Man has learned to harness 


Combustion, as shown here, uses the chemical 
reaction between fuel and oxygen of the air to 
develop heat. Furnaces maintain and confine 
the reaction so gaseous combustion products 
may be controlled for effective heat transfer. 


Internal combustion often takes place in a cyl- 
inder under pressure. Heat released by rapid 
burning of fuel raises pressure sharply. High- 
pressure combustion gas acts against the pis- 
ton face and does mechanical work. 


feedwater 


Boiling a fluid by transfer of heat from hot gas 

produces vapor, a convenient energy-carrying 

hot medium. The higher the temperature the more 

Caelee Combustion gos ; combustion gos energy carried. Here, hot furnace gas transfers 
<«—- j its heat to pressurized water. 


t pressurized gas 


High-temperature heating of dry vapor or gas, 
helps to achieve high efficiency in the heat- 
hot power cycle. Here, fluid heated by the hot fur- 
combustion gas nace gas, flows through a parallel tube system 
usually under considerable pressure. 


cold pressuriz 


cold fluid ay cold fluid A 


Surface’ heat transfer transmits energy from 
higher- to lower-temperature fluid. Fluids can’t 
be mixed because of pressure difference or 
process requirements. Thus they’re separated by 
tube walls or other mechanical means. 


hot fluid A 


hot vapor 


cold liquid Mixing heat transfer interchanges heat energy 
d liquic 


of fluids by bringing them into direct contact. 
The advantage: Temperature gradient between 
fluids is eliminated, boosting heat-transfer ef- 
fectiveness; but use is limited. 
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Turbine prime mover uses stream of high-speed 
vapor or gas to develop pressure against bladed 
wheel. Kinetic energy of the fluid transfers to 
the wheel, converting to mechanical shaft en- 
ergy. Fluid leaves blading at lower speed. 


Pump uses shaft energy to impart kinetic energy 
to fluid. Entering impeller’s center, fluid is 
thrown radially toward periphery at high speed. 
Fluid’s kinetic energy then converts to pressure 
energy in a volute (not shown). 


Nozzles and diffusers perform opposite duties; 
both are shaped passages. Nozzles pass pres- 
surized fluids, convert them to high-speed jets. 
Diffusers admit high-speed jets, convert some 
of their velocity to pressure energy. 


Reciprocating prime mover can convert fuel’s 
chemical energy to heat in the engine (internal 
combustion), producing mechanical shaft en- 
ergy. Or, it can convert the energy of pressur- 
ized vapor (external combustion) to work. 


Reciprocating pump or compressor can pres- 
surize any fluid by using shaft-energy to in- 
crease energy of the fluid passing through it. 
Using several cylinders in parallel smooths out 
rapidly pulsating fluid flow. 


Gas receiver stores energy of pressurized gas 
discharged by a compressor. Its job: To smooth 
out effects of fluctuating flow. Gas is usually at 
a temperature close to ambient, but the pressure 
is several times atmospheric. 
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..-he then puts these storage and transmission devices to work... 


makeup steam out 


Accumulator stores energy of vapor in hot, 
pressurized liquid. When demand falls, pressure 
builds up and vapor condenses. When demand 
rises, pressure falls and part of liquid flashes 
into vapor, satisfying the demand. 


Stored hydraulic energy can be used to provide 
head for pumping systems and to produce 
mechanical energy when needed. Amount of 
energy depends on quantity of water stored and 
its height above discharge. 


Crankshaft, used by vast majority of internal- 
combustion engines, converts reciprocating shaft 
energy to rotary shaft energy. Flywheel stores 
energy intermittently, feeding it back to the 
piston during compression strokes. 


Crosshead and crankshaft, used by some large 
reciprocating machines, converts reciprocating 
shaft energy to rotary shaft energy and vice 
versa. The flywheel is a storage device, smooth- 
ing out intermittent energy flow. 


Mechanical transmission of energy takes many 
forms. It usually transfers energy from one 
rotating shaft to another. Here, we see it done 
by a belt and pulleys, and by gears. The ratio 
of shaft speeds can vary widely. 


Hydraulic transmission of energy is often used 
in control systems to transmit forces. Here, a 
force against the smaller piston produces a larger 
force by acting on bigger piston. But piston 
travel varies inversely with face area. 
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Electric battery supplies electric energy from 
stored chemical energy. Storage batteries are 
reversible. They can receive electricity, store 
it as chemical energy, then convert it back to 
electric energy when needed. 


electric energy 


in or out 


stored chemical 


energy 


Electric generators receive rotating shaft en- 
: energy and produce either direct- or alternating 
’ current electric energy. They must have mag- 
» netic fields to induce movement of electrons 
in their armature conductors. 


shaft work in 


electric energy out 


Electric motor receives electric energy and con- 
verts it to rotating shaft energy. The conver- 
sion depends on force resulting from electron 
flow in the armature and stator. Motor uses 
either direct or alternating current. 


shaft work out 


Transformer controls ratios of voltages and cur- 
rents in its supply and output. Electron flow 
through one coil creates a magnetic field that 
acts on second coil. Relation between input and 
output depends on ratio of coil turns. 


magnetic potential energy 


Electric light uses energy of electron flow to 
produce light by arcing, heating, or fluorescence. 
In all three types most electric energy dis- 
sipates as heat. Only a small fraction produces 
visible light rays that also degrade to heat. 


light energy out 


Electric heating depends on electron flow 
ad through an electric resistance, an arc, or an 
- induction coil. Though this is usually the most 
expensive way to produce heat from a $$-per- 

Btu standpoint, convenience justifies application. 
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flue gas to atmosphere 


steam turbine electric generator 
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Individual energy converting and transferring devices combine... 


One of the most startling aspects of mechanical shaft- 
and electric-energy generating plants is the large ener- 
gy flows they handle. And, as the flow diagrams above 
and below indicate, energy flows vary widely. 
Cycle diagrams on this spread show flow-stream 
widths proportional to energy measured above an ar- 
bitrary zero-energy level at 32 F. Characteristically, 
incoming and intermediate energy flows in these power 
cycles are large compared to their useful energy out- 


pressurized-water 
reactor 


heat tronsfer 


put. This is clearly the case in the diagram above, for 
example. And here the cooling water carries in more 
energy than the fuel; but remember: it is “low-grade” 
low-temperature energy, not useful in producing shaft 
work. In general, we need to consider both energy 
quantity and “grade” in assessing the ability of a fluid 
to produce useful mechanical work. 

In the diagram, below, we compare the energy flow- 
ing through a pressurized-water reactor and a boiling- 


steam to turbine 


steam to turbine 


heat taonsfer 


heat exchanger 
and boiler 


| feedwater 


boiling-water reactor 
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...to handle tremendous energy flows in practical power cycles 


water reactor. Though the pressurized water cycle cir- 
culates tremendous quantities of energy, small tem- 
perature differences, on both sides of the cycle, result 
in a relatively small amount of energy transfer in the 
boiler compared to the intermediate energy flow. 

In the 2-stroke oil engine, above, the flywheel re- 
turns some energy to the gas during compression, while 
chemical energy enters, in the fuel-air stream. During 
the expansion stroke mechanical energy is produced. 


output 


A large part is stored in the flywheel. A small fraction 
is available for useful work output. 

Similarly, the gas turbine cycle, above right, has an 
output that is a small fraction of total shaft power de- 
veloped. Most gas-turbine shaft work goes to provide 
power for the compressor. 

Below, we see three main types of hydro plants. 
Run-of-river plant must use water as it comes; reser- 
voir, pumped storage plants have more flexibility. 


reservoir reservoir 


run-of-river plant 
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Compressed air, refrigeration and air conditioning systems... 


The diagram, above, shows energy flow through a 2- 
stage air compressor equipped with an intercooler and 
aftercooler, and discharging to an air engine. Although 
intercooling reduces the amount of shaft work input 
needed to produce a specified amount of pressurized 
air, it also involves loss of energy. The aftercooler re- 
moves moisture in air, permits air to be distributed 
at temperatures close to ambient. 

Below, we see energy flows through a compression- 


refrigerant liquid 
temperature t 


drop 
refrigerant vapor 


refrigeration 
energy removed , 


‘warm brine in cold brine our 


refrigeration cycle and a vacuum-refrigeration cycle. 
These are referred to an arbitrary zero-energy datum 
at zero F. In the compression cycle the vaporizing am- 
monia removes heat from brine. The compressor 
pressurizes the ammonia, “upgrades” and adds to its 
energy, helps to prepare it for the brine-cooling job. 
Ammonia then gives up most of its energy to the cool- 
ing water, but is still at relatively high pressure, high 
temperature. Finally, expansion valve drops ammonia’s 


refrigeration 
energy removed | 
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... and electric circuits manipulate energy in various ways... 


pressure and temperature, permitting it to pick up 
brine’s heat in the evaporator. 

In the vacuum cycle some of the warm chilled-water 
return flashes into steam at very low pressure, cool- 
ing the balance of the water. Flash steam is removed 
by the steam jet ejector which also pulls the vacuum 
necessary in the evaporator portion of the system. 

Energy flow diagram, above, shows how chilled 
water is used in an air-conditioning system. The chilled 


electron flow 
alternating magnetic field 


water picks up heat energy in the recirculated and 
makeup air, and returns to the refrigerator. Cooled 
air can then absorb heat energy in the conditioned 
space, controlling its temperature and humidity. 
Below, we see a simple energy flow diagram of a 
power-transmitting electric circuit. The motor shaft out- 
put is less than the electric-generator shaft input by 
the amount of losses in the various elements of the 
alternating-current transmission system. 
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..-but all share a common purpose: man’s well being 


We have now seen how man shapes energy 
to serve his own special purposes. In a broad 
sense at least, we can classify these energy- 
manipulating processes as: (1) performing 
mechanical work (2) adding or removing 


Space heating taps the full range 
of fossil fuels, as well as electric 
energy, solar radiations and nuclear 
energy in limited amounts; it ac- 
counts for our largest energy use 


Process heating depends largely on 
fossil fuels for its energy; is used 
for heating chemicals, foods, fibers 
and for melting many metals 


Space cooling uses refrigeration sys- 
tems and blowers to remove un- 
wanted heat, hold temperature and 
humidity at comfortable levels 


heat and moisture (3) illuminating dark 
areas. By starting with these few fundamental 
objectives man has ingeniously derived a 
wide variety of ways to improve his well 
being, some of which we view below. 


Industrial production depends on 
many energy-converting devices to 
supply the muscle for its highly 
mechanized methods; the electric 
motor is most frequently used 


Materials handling in industry taps 
many forms of energy-converting de- 
vices: electric motors, compressors, 
pumps, batteries and engines 


Pipeline conveying, one of the spe- 
cial ways of transporting bulk ma- 
terials long distances, uses large 
amounts of energy for pumping 


Refrigeration makes possible the 
storing of perishables for long pe- 
riods, largely by limiting activity 
of biologically powerful microbes 


Highway transportation depends 
on today’s most common prime 
mover — the reciprocating i-c en- 
gine, burning petroleum products. 


Rail transportation, following sev- 
eral recent advances, primarily uses 
the internal-combustion engine; in 
large single-unit capacities 


Commercial operations make use 
of an almost endless number of 
motor operated machines. Digital 
computer is most spectacular 


Vertical transportation makes tall 
buildings possible. Modern eleva- 
tors and escalators depend on the 
electric motor for their operation 


Domestic appliances provide a wide 
variety of useful services: mechani- 
cal power, cooling and heating. All 
of them utilize electric energy 


Marine transportation utilizes oil- 
burning engines and steam power 
for turning its screws and for sup- 
plying shipboard energy demands 


Aircraft are powered by recipro- 
cating engines that burn distillate 
oils of rigid specifications; they also 
use jet engines constructed of gas- 
turbine-plant elements 


Farm machinery, powered mainly 
by oil-burning engines, has made 
farming more efficient by increas- 
ing productivity of manpower 


Lighting, the most widespread ap- 
plication of electric energy, is used 
almost everywhere in our modern 
civilization. Electricity is converted 
to light and heat energy 
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The rapid growth of both population and living 
standard of our nation is dramatically reflected in 
its tremendous demand for energy — a demand that 
will continue to soar for generations to come. 

As the chart above vividly points up, our vast 
appetite for energy stems from a wide variety of 
needs, originating in many diverse activities. Here 
we see the purchase of energy in the U. S. by spe- 
cific types of consumers during 1954, the latest year 
for which this detailed information is available. The 
inset chart indicates the amount of energy drawn 
from each of our main sources: coal, oil, gas and 
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hydro. (We've credited hydroelectric plants at 
actual Btu value of kwhr produced. ) 

From this picture we can draw some significant 
long-term conclusions: The years 1954, 1955 and 
1956 show an extraordinary growth rate, but they 
also reflect a less-steep long-range trend. Taking 
this and future potentials into account, we can ex- 
pect U. S. energy needs to double approximately 
every 35 years from now on. 

In the concluding pages of this report we'll see 
more specifically how our energy demands are likely 
to grow, and how these demands may be met. 
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King coal and the fluid fuels have dominated the energy scene... 


We can read the economic and technical history of the 
United States in the annual energy consumption curves, 
above. They reflect the rise and decline of domestic 
and business activities as our country emerged from 
its agrarian post-colonial period into an era of land 
expansion and finally, into an age of spectacular in- 
dustrial and scientific growth. 

Individual curves show how we've used our energy 
sources: wood, hydro, gas, oil and coal, and their total. 
On the facing page, top, we have the same data on 
semi-logarithmic coordinates to better appraise their 
varying long-range trends. 

Wood was our major energy source until nearly the 
end of the nineteenth century. It was used primarily 
as an energy supply for space heating, a small amount 
for process heating. From a peak around 1880, wood’s 
contribution to the energy supply of the U.S.A. has 
slowly declined, largely because of the greater avail- 
ability and effectiveness of other fuels. But surprising 
as it may seem, wood, even today, furnishes us with 
more energy than hydro power. 

Hydro. In the early days of our nation, the water- 
powered grist mill probably ranked in importance with 
human and animal power as a source of mechanical 
energy. Its present-day counterpart, the modern hydro- 
electric plant, is one of the great engineering achieve- 
ments of our time. But it is also the smallest contributor 
to our overall energy needs. 

One estimate indicates that only 20% of feasible 
water-power sites have been developed in the US. 
Projection on the graph, facing page, shows where the 
trend would lead if all such sites were put to work 
by the year 2000. Hydro would still be a small con- 
tributor — but important to the areas served. 

Coal grew steadily as an energy source during the 
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nineteenth century. At the time of the Civil War its 
rising importance was plainly apparent, and by 1890 
it was supplying as much energy as wood to a nation 
just beginning to feel the impact of electricity. Then, 
at the turn of the century, coal quickly became the 
backbone of a new and fast-growing industrial era. 

King coal dominated the energy scene during the 
early 1900’s and, spurred by World War I, reached a 
peak in 1918. But coal rationing during the war en- 
couraged other fuels, gave a big boost to the growing 
competition of petroleum products. 

Increasing availability of heating oils, as a by- 
product of the growing demand for motor fuels, also 
had much to do with the inroads petroleum products 
were making in a market that coal had pretty much 
for its own up to that time. And, during the 1920’s, nat- 
ural gas was becoming an increasingly important fuel. 
These, then, were the factors that combined to check 
the rising market for coal. 

Following closely, the great depression of the 30's 
cut sharply into the fuel market, coal taking the big- 
gest dip. While the coal market was slow to recover, 
fluid fuels rallied and climbed steadily to reach new 
peaks in 1956. 

World War II gave coal use a big boost that nearly 
carried it to its 1918 peak. But then came the diesel 
locomotive, and coal consumed by the railroads 
dropped to 10% of the 1946 level, virtually wiping 
out the railroad market. Growth of other demands have 
partly offset this loss. 

Fluid fuels. Production of crude oil dates approx- 
imately to 1859 when Col. Drake drilled his first oil 
well in Pennsylvania, although other wells had been 
drilled prior to this time and some petroleum was 
being produced. Also, oil for lighting and a limited 
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early 1900's: petroleum products now rank first... 


amount of heating was obtained from whale oil and 
by distilling shale oil. 

In 1884 natural gas found important commercial use 
in Pittsburgh, though it had been used in limited fash- 
ion elsewhere for many years. Then, with the devel- 
opment of the automobile, demand for petroleum prod- 
ucts climbed steadily. Recent years have seen high- 
way transportation become the biggest single factor 
in petroleum’s almost uninterrupted climb to the po- 
sition of first-ranking fuel. Meanwhile, natural gas, 
found as a byproduct of oil-well explorations, and 
also in separate wells, began to enjoy increasing ac- 
ceptance as a heating fuel. Today we have far-flung 
natural-gas transmission lines spanning the U. S. And 
as we can see from the curves, above, gas now stands 
on a par with coal in satisfying our nation’s ever-grow- 
ing appetite for energy. 

Lower graph, facing page, compares energy used 
by two important activities of our economy — highway 
transportation and electric-utility generation — with 
total energy use: Motor fuels outrank electric-utility 
input by about 3 to 2. In contrast, total automobile- 
engine horsepower outranks utility-station capacity by 
about 40 to 1. This disparity between fuel use and 
capacity reflects the large idle time of autos compared 
with our continuous-running central stations. 

Other sources. Animal and human physical effort 
were the only sources of mechanical power available 
to ancient man. But as recent eras have seen him rely 
more heavily on the fossil fuels and hydro power, his 
physical efforts have been reduced to a relatively minor 
role. Obviously, the steady drop in the cost of other 
energy forms compared to manpower, has been the 
central factor in this all-embracing trend. 

Wind power too was a significant source of me- 
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..-but as we make greater drains on our stored-fuel reserves... 


chanical energy, powering sailing vessels across our 
vast oceans, turning small windmills to grind grain 
and pump water. In modern times we still use the 
wind’s energy in some areas, to pump water and to 
charge storage batteries. But as we can see from the 
curves, page C41, these uses have seldom supplied 
more energy than manpower. 

History and the future. Rate of growth of total an- 
nual energy consumed follows a significant pattern: 


from 1800 to 1850 
from 1850 to 1900 
from 1900 to 1956 


3.3% per year 
2.4% per year 
2.8% per year 


By projecting a smooth curve through the 156-year 
span, to the year 2000, we get some surprising results: 
Annual growth for the next 44 years is only 2.0%. In 
the year 2000 we'll need 100 x 10'° Btu if these trends 
hold. Apparently, this falling rate of annual energy 
growth is contrary to the needs of a booming popula- 
tion. But the steadily increasing efficiency with which 
we use our energy explains this seeming paradox. 

How much fuel? The demand for future fuels brings 
us face to face with an important question: How muclr 
fuel do we really have? We know there can be only a 
limited amount of fossil fuels in the earth’s crust. After 
these sources have been exhausted we must use other 
energy sources or our civilization will inevitably perish. 

A most difficult task, yet a most urgent one, is the 
estimating of our fuel reserves. Latest estimates of 
economically accessible fuel reserves, based on recov- 
ery costs of no more than twice our present level, total 
about 7 x 10'* Btu for fossil fuels. 

Uranium-ore reserves in the U.S. are about double 
that of fossil fuels — assuming that all uranium ore can 
be converted to fissionable material. If we can success- 


fully tap our uranium deposits we may then have a 
total economic reserve of about 21 x 10'* Btu. The 
chart, lower left, facing page, analyzes the makeup of 
our energy reserves. 

If energy use grows at the rate of 2.0% per year how 
long can we expect our reserves to last? The chart, 
upper left, shows how we've used our reserves since 
1800. If we continue to tap only our fossil fuels, our 
economic reserve would be exhausted by the year 2030 
— only 73 years from now. 

But as fuels grow scarce, we could undoubtedly 
justify paying more for their mining and drilling. Let's 
assume this approach doubled our economic reserve. 
The graph shows that we postpone the date of ex- 
haustion by only 30 years. Tripling fossil-fuel reserves 
gains us an additional 17 years. 

The graph, above right, compares U.S. annual oil 
production, proven reserves and number of years sup- 
ply at the current use rate. Annual demand, of course, 
has much to do with the rate of discovery; but an in- 
creasing percentage of exploratory holes prove to be 
dry. Some day they may all be dry. 

Plainly, we will soon be forced to take a hard look 
at our ultimate fuel reserves: Ultimate fossil-fuel re- 
serves are about 51 x 10'* Btu. Let’s assume our ulti- 
mate uranium reserves might be double the economic, 
that is, about 28 x 10'* Btu. This gives us a total ulti- 
mate energy reserve of 79 x 10'* Btu, a supply that 
could last to the year 2140. But fuel costs will be high 
by our present standards. And we've also assumed that 
all fuel forms will be interchangeable. 

From these approximate figures, then, we might ex- 
pect our fifth generation descendants to face a serious 
energy famine, or, that they will have harnessed fusion 
or the solar energy with which we are blessed. 
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...we ll need to find out what our “energy bank” really holds 


World reserves could conceivably go a long way toward 
satisfying our needs if we were the only energy users. 
Above, we see the ultimate reserves of fossil fuels for 
different continents and areas. Below right, we see 
another estimate of the world’s economic fuel reserves. 
Uranium is, by far, the most extensive potential source 
of future energy. Coal is a poor second. 

Although we lead the world in energy use, because 
of spectacular industrial growth and living standard, 


fossi! fuels, 
7X 
32% of tote! 
economic teserve reserve analysis 


uranium, 
14.7 X 10'* Btu, 
68%, of total 

economic reserve 


fossil fuel 


U.S.A. economic fuel reserves 
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undeveloped nations are now keenly aware of the ad- 
vantages of an industrial economy and the blessings 
of available low-cost energy. And we can expect their 
demands to climb at a greater rate than ours. Re- 
member: We have only about 7% of the world’s popu- 
lation. We use about 40% of the world’s annual energy 
production. With the rest of the world accounting for 
93% of the earth’s population, future opportunities for 
us to tap the world’s reserves are likely to dwindle. 


tor sands 0.1% 
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boiling-water reactor 


Nuclear fuels push the empty 


A depleted conventional-energy bank, as we have seen, 
looms as a certainty only a few generations hence. Man, 
increasingly aware of this plight, now looks for ways 
to supplement his energy resources. 

We have, on previous pages, assessed the potential 
offered by uranium. This fuel has already seen use in 
fission reactors such as those, above. 

But vastly greater nuclear energy remains to be 
tapped if we can “imitate” and control the energy- 
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fuel bin far into the future... 


yielding reaction that takes place in our sun — fusion. 
We have only begun to research the overwhelming 
problems that control of nuclear fusion present. Deu- 
terium, present only in small quantities in the natural 
waters of the world, can be separated from water, and 
is a likely fuel. Measured against man’s energy needs, 
deuterium offers a virtually inexhaustable supply. 
Below, we see how man dreams of controlling fusion, 
utilizing recovered deuterium to produce heat. 
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...and fortunately, we are blessed with a flood of solar energy 


Solar energy floods the earth at a rate far in excess of 
man’s present and future energy needs. A minor frac- 
tion falls on land surfaces where he can conveniently 
tap it. He has, in fact, already experimented in har- 
nessing and putting it to work for special tasks. We 
see, above, for example, a flat-plate and a concentrating 
type of solar-heat collector that can be used to generate 
steam. Its development has been slow, but man’s urgent 
need would undoubtedly spur major refinements. 
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Wind energy, never completely ignored by man for 
its power-yielding potential, has been both his bane 
and benefactor ever since he first trod the earth and 
sailed the seas. For many centuries the wind powered 
the largest prime movers, mills and sailing ships man 
could devise. Now we see a resurging interest in wind 
energy to generate electric power, drawings below. 
But much development will be needed if we are to tap 
significant amounts of energy from the wind. 
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steam wells 


The sun, supplemented by terrestrial sources, could easily... 


Where geothermal heat can be conveniently tapped, 
it has already been harnessed for several decades. It 
appears in all parts of the world in limited amounts — 
from the tropics to the poles. And exploratory drilling 
could uncover areas that have no “natural” steam vents. 
Steam conditions are usually high enough for power 
generation, and certainly high enough for space heat- 
ing. Chemicals dissolved in steam may also be valuable 
byproducts, as we see in the sketch, above. 


Tidal rises on the earth’s surface vary from a few 
inches to about 56 feet, from low tide to high tide. 
But the larger tidal effects occur where pull of the 
moon is supplemented by favorable land and sub- 
marine topography. Thus we find few places favored 
with a large twice-daily tidal variation. We view, be- 
low, a single-basin arrangement, using reversible water 
turbines, to generate energy on both tidal inflow and 
outflow; graph shows the operating schedule. 
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Power plants running on low temperature differences 
such as the one we see, above, must use very low steam 
pressures. If we admit 86-F water into the evaporator 
held at 0.62 psia, water boils off to steam at that pres- 
sure. The 44-F cooling water maintains 0.15 psia in 
the jet condenser. Evaporator steam, then, can exert a 
force of 0.62 minus 0.15, or 0.47 psi, in flowing through 
the turbine wheel, generating shaft energy. Seals and 
insulation must be well engineered to reduce losses. 
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...solve the energy riddle which our descendants may face 


Harnessing the enormous energy transmitted by nat- 
ural water waves poses many hurdles. Methods using 
mechanical linkages have inevitably been wrecked. 
A proposed arrangement, below, utilizes jetties that 
amplify incoming wave heights, direct them into a 
closed chamber. Water, moving up and down inside 
the chamber, alternately compresses and expands the 
air trapped above it. Pressurized air flows to an air 
turbine that can be used to turn an electric generator. 
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Power — september 1957 — special report 


This Crane atomic valve, wrapped in insulating blanket of aluminum and spun glass, is being tested on new Crane hot test loop. 


CRANE Leads in Testing Atomic Valves 
with New Hot Test Loop 


Shown here in regular service is Crane’s 
new hot test loop—built to control the 
quality and safe performance of Crane 
valves for atomic service. 

The loop is code-designed for produc- 
tion and engineering testing, and oper- 
ates at 550°F. It tests for leaks at seats, 
in stuffing boxes, in pistons and for other 
conditions which may occur in pressur- 
ized water reactor systems. 

The loop is made entirely of stainless 
steel to prevent any possibility of con- 
tamination from corrosive water. Dis- 
tilled water, used in all tests—hot or 


cold—is recirculated and repurified con- 
tinuously. Flow is maintained by an 
hermetically sealed, canned rotor pump 
which has no stuffing box. Precision 


instruments maintain constant water 


level, temperature and pressure. 


The new hot test loop is another 
Crane-pioneered testing facility that 
makes Crane’s experience—and _ prod- 
ucts—of more value if you work with 
atomic power, or if you operate in other 
fields involving control over the flow of 
fluids in radioactive processes. 


Write to the address below 
for a copy of this Crane 
folder on valves for atomic 
services. 


c RAN E VALVES & FITTINGS 


PIPE PLUMBING e KITCHENS HEATING AIR CONDITIONING 
Since 1855—Crane Co., General Offices: Chicago 5, Ill. Branches and Wholesalers Serving All Areas 
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Continuing Progress at Al 
Advances Nuclear Technology 
For Many Tasks, in Many Lands 


Highlighting progress in the many and 
diversified reactor programs at Atomics 
International are significant develop- 
ments in the two major power reactor 
approaches underway by AI forthe 
Atomic Energy Commission—the So- 
dium Reactor Experiment and the Or- 
ganic Moderated Reactor Experiment. 


Forecasts Confirmed. On April 25 
the 33rd fuel element was introduced 
into the SRE, and sustained nuclear 
fission was achieved. The critical load- 
ing confirmed earlier calculations. On 
July 12 heat from the SRE reactor was 
used by the Southern California Edison 
Company to generate electricity. This 
power was fed over utility lines to 
Edison consumers. Data obtained from 
the SRE will be used in the design of a 
75,000 kw Sodium Reactor power 
plant proposed for the Consumers 
Public Power District of Nebraska. 


Power Ashore, Propulsion Afloat. 
Similar studies are starting on the 
OMRE, recently constructed at the 
AEC’s National Reactor Testing Sta- 
tion in Idaho Falls. This program will 
assist in the design of two 12,500 kw 
power stations, one in Piqua, Ohio, and 
another in a Latin American country. 
At the same time, the Organic Moder- 
ated Reactor is under study as a most 
promising nuclear propulsion system 
for the special needs of supertankers. 


Reactors for the World. The Armour 
Research Reactor, first private indus- 
trial nuclear facility, is now being fol- 
lowed by a stream of similar research 
reactors—for Japan, Denmark, West 
Germany, West Berlin and Italy—con- 
structed, shipped, and installed by 
Atomics International. AI’s latest de- 
velopment is the compact Laboratory 
Reactor, available on a short delivery 
schedule at very low cost to meet the 
need for nuclear training and research 
in universities and industrial labora- 
tories. 

ATOMICS INTERNATIONAL is a leading 
designer and builder of reactors for 
America and for the world. For help 
on your reactor plans, write: Director 
of Technical Sales, Department PW-74, 
ATOMICS INTERNATIONAL, P. O. Box 
309, Canoga Park, California. Cable 
Address: ATOMICS. 


Critical Moment: On April 25, the Destination —Denmark: Nuclear 
SRE achieved sustained nuclear fission. reactor components from AI are hoist- 
Electricity was generated on July 12. ed aboard a freighter for Copenhagen. 


For Land and Sea: A versatile nuclear reactor concept—the OMRE. 


Nuclear Research in Japan: Home New Laboratory Reactor: Eight-foot- 
of Far East’s first reactor will be Japan’s high tank contains fully functional 
Atomic Energy Research Institute. core, coolant and moderator. 


Reactor Hardware for Germany: Components for two German reactors in work 
at ATOMICS INTERNATIONAL. 


ATOMICS INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
PIONEERS IN THE CREATIVE USE OF THE ATOM 
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WATER TREATMENT . . 
PROCESS ANTIFOAMS & COAGULANTS . . 


POWER 
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Water goes to pieces 


in Power Plant! 


+O2f 


Water breaks up into hydrogen and oxygen! 
This is only one of the problems Nalco scien- 
tists have faced in planning water treatment 
with designers and builders of pressurized 
water nuclear power plants. There are several 
others which show, dramatically, that steam 
generation with nuclear fuel creates water 
treatment problems that are radically different 
from conventional steam generation ... And 
they also point up Nalco’s program of keeping 
ahead in researchand practical applied science. 


NATIONAL ALUMINATE CORPORATION 
6222. West 66th Place o 


CANADA: Alchem Limited, Burlington, Ontario 
NORTHWESTERN UNITED STATES, HAWAII and ALASKA: 
The Flox Company, Inc., Minneapolis 3, Minnesota 

ITALY: Nalco Italiana, S.p.A. 
WEST GERMANY: Deutsche Nalco-Chemie GmbH. 
SPAIN: Nalco Espanola, S.A. 


Chicago 38, Illinois 


® 


THUMBNAIL SKETCHES OF NUCLEAR POWER 
PLANT WATER TREATMENT ANSWERS 


Water goes to pieces— Excess hydrogen in water helps sta- 
bilize shaky water molecules. 

Ammonia and nitric acid form in boiler water— Control dis- 
solved gas concentrations in water. 


“Hungry” water attacks stainless steel—Chlorides and dissolved 
oxygen in water accelerate stress corrosion cracking under 
nuclear plant conditions: keep ‘em out! 


WANTED: Water of 99.99995% — or better — purity— Nalcite 
mixed-bed demineralizers, operating as hydrogen-hydroxyl 
exchangers will keep nuclear power plant water at or below 
0.5 ppm impurity! 


Nearly 1/5th of all Nalco employees are 
laboratory personnel! 


Real emphasis on research, development and testing activi- 
ties is a primary reason why Nalco is able to solve, success- 
fully, the problems of water treatment for nuclear power 
plants . . . And to offer a continually improving and ex- 
panding varie ty of specialized chemicals and services for the 
needs of industry. 


SYSTEM... SERVING INDUSTRY THROUGH PRACTICAL APPLIED SCIENCE 


. PAPER MILL PROCESS CHEMICALS . 
« PETROLEUM CATALYSTS . . . COMBUSTION CATALYSTS . 
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Argonne National Laboratory Experimental Boiling 


OW in operation at Lemont, Illinois, this is the 

first commercial-type power plant in the United 

States to generate usable quantities of electric power 
from nuclear fuels. 


The unique feature of this boiling water reactor 
is that live steam is actually generated in the ura- 
nium core by nuclear heat and piped directly to 
the turbine without need for intermediate heat ex- 
changers as required by other types of reactors. In 
effect, it operates very much like the coal-fired boiler 
in a conventional power plant. 


This unit is rated at 20,000 kilowatts of heat 
and 5,000 kilowatts of electricity. It was designed 
for experimental use, to evaluate potentials of the 


Direction of over-all design 
and construction phases as 
well as design and manufac- 
ture of reactor core and control 
rod devices was by Argonne 
National Laboratory. 


Power Equipment Supplied by Allis-Chalmers 


@ Steam turbine generator and exciter 
@ Surface condenser and air ejectors 


®@ Complete control center for remote operation 
of reactor and power equipment 

@ Reactor water recovery and air drying system 

@ Reactor steam bypass control system 

@ Hermetically sealed pumps for reactor 
purification system 

@ Reactor feedwater pumps 


boiling water reactor for large-scale commercial ap- 
plications. Power generated is used by the Labora- 
tory to meet a portion of its own electric power 
requirements. 


Allis-Chalmers is proud of its association with 
this significant project. It’s another example of 
“Engineering in Action” to provide power for better 
living from any source, whether it be water, steam, 
oil, or the atom itself. 


@ Circulating water pumps 

@ Auxiliary cooling water pumps 

® Motor control centers 

@ Main and reserve power transformers 
@ Indoor and outdoor switchgear 

® Automatic voltage regulator 

® Circulating water treatment system 

@ Ac-de distribution center 

@ Diesel-generator set 
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Reactor in Full Operation 


ALLIS-CHALMERS 


MILWAUKEE 1, WISCONSIN 


if 
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SARGENT & LUNDY 
ENGINEERS 


STEAM AND ELECTRIC PLANTS 
FOR UTILITIES AND INDUSTRIALS 


140 SOUTH DEARBORN STREET 
CHICAGO 3, ILLINOIS 


75TH ANNIVERSARY * POWER + SEPTEMBER 1957 


> 
C+ 54 


Plan for tomorrow 
with CYCLOTHERM today! 


Future Expansion Future Expansion 


add them 


AS YOU NEED THEM! 


With Cyclotherm Steam and Hot Water Generators you can plan your 
steam generating facilities to cover five — ten — fifteen years of 


plant expansion. Perhaps one 500 HP Cyclotherm will meet your Swan Rubber Did It — 

present requirements. If you need 600 HP in 1958 — add a 100 So Can You! 

HP Cyclotherm. If 200 more HP is needed in 1959, a 200 HP Suen Ca, 

Cyclotherm will give you ample — but not excess — capacity. world’s largest maker of garden 

You buy as you grow — you pay only for what you use. hose, installed an 80 HP Cyclo- 
therm in 1949. As Swan expanded, 
it installed: 


Only Cyclotherms lend themselves perfectly to a progressive increase 
in steam capacity. You can get them in 17 sizes — add units 1951-100 HP Cyclotherm 
ranging from 18 to 750 HP. They’re installed easily — need no 1953 JOOP Cyaiothore 


1954 125 HP Cyclotherm 
stack, no excavation, no special foundation. A battery of Cyclotherms 1955 125 HP Cyclotherm 


is easy to accommodate — a Cyclotherm takes up to 1/3 less space 1956 Two 500 HP Cyclotherms, 
than even other package boilers. Completely factory assembled, one 125 HP Cyclotherm. 
too — set one down and with five simple connections it’s ready to work. (ult additional plent in 


1956) 


Cyclotherm’s Cyclonic Combustion guarantees plus 80% efficiency And Swan plans to install during 
in only two passes. Larger units operate at from 30% to 100% ee eee oe 


HP and a 30 HP Cyclotherm. In 
of rated capacity without loss of efficiency — smaller units 1949, Swan planned for the future 


operate on and off automatically as load requires. Maintenance costs with Cyclotherm. You can plan for 
drop from 30% to 50%. And Cyclotherm’s world-wide your future with Cyclotherm today. 


service-facilities are always at your disposal. For full 
information, write us today. 


Clip to Your Letterhead: 


A\\Y Cyclotherm Division 


National-U.S. Radiator Corp. 


Please send me your booklet Cyclotherm Cyclonic 


Y L T od m° Combustion, also rotogravure copy of Cyclotherm 


stakes ane wee Sales Steam with illustrations and descriptions of 
| Cyclotherm installations. 
j A Division of National-U.S. Radiator Corp., Oswego, N.Y. 


— 
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Vincent Bicicchi, Pratt Engineer, standing at 
exterior door of a personnel lock for the 


Henry Pr att engineers the ne Pleasanton, California atomic power plant. 


Door Atomic Power Plants 


The Henry Pratt Personnel Access Lock fulfills one of the most necessary 
requirements of an atomic power plant. It allows personnel to pass conveniently 
through the containment vessel to the reactor in such a way that the plant will 
fully comply with the AEC code for reactor construction. 


The design emphasizes strength and easy, fool-proof operation. The lock can 
be built to withstand any practicable pressure, with compression type or pneu- 
matic door seals. Simple operating principles increase its safety factor and in- 
i clude an interlocking feature that keeps one door open when the other is closed. 
Future Developments in Access Locks now being planned include larger 
sizes to accommodate trucks, and fully automatic locks that permit manual 
operation if power fails. 


Drawing on a background of 50 years experience in supplying the power 
industry with valving, steel fabrication and special equipment, Henry Pratt has 
been a pioneer in designing and building for atomic power*. 


With experience, skilled engineers and two plants equipped with large metal 


working facilities, you can look to Pratt for help in building tomorrow's power. Pleasanton, Calif. The first privately 


financed atomic power plant in the U. S. 
will use two Henry Pratt Personnel 


*k See: Nuclear Power Engineering by Henry C. Schwenk, Henry Pratt Company, and Robert 
H. Shannon, United Engineers & Constructors, Inc. 344 pages, 131 ill., McGraw-Hill; 1957 Access locks. 


MANUFACTURERS OF 
Personnel Access Locks 
Rubber Seat Butterfly Valves 
Turbine-Condenser Expansion Joints 
Paper Mill and Converting Equipment 
Specialized Steel Fabrication 


Henry Pratt Company, 2222 S.’Halsted St., Chicago 8, lll. Representatives in principal cities 
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an Eichleay 
Turnkey“ Installation 
Air Products Inc. 
Oxygen Plant 


Jones & Laughlin 
Steel Corporation 


PITTSBURGH WORKS 


INSTALLATION 
ENGINEERING 


South 19th Pittsburgh 3, Pa. VERSATILITY SPEEE 
1180 Richard Ave., Santa Clara, Calif. 


ESTABLISHED 1875 
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66 
Tomorrows materials 


Norton electric furnace products meet to- 
day’s conventional power needs... will meet 
tomorrow’s power needs whatever they may 
be — nuclear or other systems handling high 
velocity, high temperature gases, chemicals 


and fuels. 


Our laboratories are continuing to develop 
new, electrochemically refined materials for 


more efficient containment and transfer of in- 
tense heat under conditions of higher tempera- 
tures, greater erosion, corrosion and stress. 


For many years Norton Company has pio- 
neered in developing refractory brick, air-cooled 
blocks and other shapes to withstand severest 
conditions in conventional power plants. Today 
it keeps pace with progress in the power field — 


In Conventional Power Plants CRYSTOLON * 
blocks have long been preferred for air- 
cooled wall construction. They excel in 
hot strength, thermal conductivity and 
resistance to slag, spalling and abrasion. 


In Modern Nuclear Plants many reactor 
parts — shields, control rods, ete. — are 
made of NORBIDE* boron carbide. This 
hard, stable, lightweight material absorbs 
neutrons without becoming radioactive. 


Heat Exchange’ Spheres and fired shapes, 
including tubes, are made for various new 
applications, to meet the increasing de- 
mand for heat transfer, regeneration and 
recuperation up to 4,500°F, 


Making better products... 
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by meeting the demands of modern nuclear Our Engineers are ready to assist you. For 
power plants, both stationary and mobile and further facts, write to NORTON COMPANY, 448 
reaction motors. New Bond Street, Worcester 6, Massachusetts. 


Besides continuing to develop materials of 
construction for conventional, nuclear and re- 
action motor power plants an important new N 


addition is the manufacture of ceramic fuel ele- 
REFRACTORIES 


ments for atomic power. 


Across the world and still expanding 


Refractories and Electro-Products Plant — Worcester, Mass. 


Electric Furnace Plants — Huntsville, Alabama; Chippawa, 
Ontario; Cap-de-la-Madeleine, Quebec; Brazil. 


Abrasive and Grindieg, Wheel Plants — Worcester, Mass.; 
Santa Clara, Calif.; Hamilton, Ontario; South Africa; England; 
France; Germany; Italy; Brazil. 


pobs-meeyae Plants — Coated Abrasives and Behr-cat Tapes — 
N. Y.; Canada; Australia; France; Northern Ireland; 
Brazil. 


Grinding and Lapping Machine Plant — Worcester, Mass. 


ares Norton Pike Plant — Sharpening Stones — Littleton, New 
Ceramic Fuel Pellets for Nuclear enioen are yeti by Norton Hampshire. 


Company in a wide range of compositions, to customers’ Bauxite Mines — Bauxite, Arkansas. 

exact specifications. Sample lots to full core loadings will be General Offices: Norton Company, Worcester, Mass. 
considered. Those illustrated are thorium-uranium oxide pellets, 

ready for canning by Norton. 


*Trade-Marks Reg. U. S. Pat. Off. and Foreign Countries 


to make your products better 


POWER * SEPTEMBER 1957 * 75TH ANNIVERSARY 


| 
a4 
— 
i 
Ce 59 


ARMY PACKAGE POWER REACTOR was 
built by Atco for the Army and the AEC 
and put in full operation on April 29. 


NEW PWR POWER PLANT: POWER FROM 


Atco-built APPR in operation at Fort Belvoir, Va.; non- 
experimental plant first to generate useful power on land 


ALco’s Army Package Power Reactor, designed and 
built for the Army and the AEC, is now in operation 
at Fort Belvoir, Va., after dedication on April 29 by 
Army Secretary Brucker and AEC Chairman Strauss. 
Generating 2000 kw, it is the forerunner of a reactor 
family designed to provide economical power in areas 
where the costs of fossil fuels are high. Other PwR 
reactors, developed to 20,000 kw output from insights 
provided by the APPR, are now available from ALCO, 
Their hallmark: The invaluable experience gained by, 
the builder of the first land-based reactor for power, 
generation, 


ALCO ATOMIC PLANTS NOT EXPERIMENTAL 


The ALCO PWR plants are not experimental. Their 
basic design concepts have been proved. In many 
areas of the U.S. their operation will be economically 


justifiable in just a few years—perhaps no later than 
the operation date of a reactor ordered today. ALCO 
will provide an evaluation of costs, studies of site 
factors and designs to help you. You may initiate 
action by writing, on your letterhead, to Atomic 
Projects, Dept. AE-2, P. O. Box 1065, Schenectady, 
1, New York. 


ALCO NUCLEAR COMPONENTS ALSO PROVED 


ALCO designed and built many of the components for 
the APPR, including the steam generator, pressur- 


_izer, feedwater heater and evaporator, control-rod 


drives and others. ALCO components are also included 
in the S1W, S2W, S3G, S4G, PWR, EBR and SRE 
systems. This extensive experience, plus facilities like 
complete thermal, mechanical and welding labs, and 
an electronic computer center, established ALCO as a 


Bi 


THE ATOM NOW 


leading supplier of nuclear hardware. Here are some 
of the components available from ALCO: 


reactors core removal and 

reactor vessels handling equipment 

control-rod drive regenerative and non- 
mechanisms regenerative exchangers 


‘ liquid metal exchangers 
decay exchangers 
steam generators special heat-transfer 
core support structures equipment 


ALCO PRODUCTS, INC, 


NEW YORK 
Sales Offices in Principal Cities 


APPR PRESSURIZER was designed and 
built by Atco, along with other com- 
ponents in primary loop. Aico is lead- 
ing nuclear component manufacturer. 


APPR CONTROL ROD DRIVES, receiving 
final adjustment by Atco technician 
in Fort Belvoir prior to operation, 
were designed and built by Atco. 
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SAVE CHEMICALS 


SAVE TIME 


SAVE EQUIPMENT 


SAVE MONEY 


... WITH 
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Check into this economical, efficient, 


proportioning pump by PROPORTIONEERS! 


For greater accuracy, greater range . . . feed all Accuracy—within + 1% 


chemicals (alkaline, neutral, or acid) with the Adjustment range—15 tol 
Model 1140 Proportioneer®. Capacities—from 0.8 GPH to 850 GPH 


; . For discharge pressure up to 1340 psig 
Pay less, get more... interchangeable measuring 


: wey R t Bulletin No. 1140 f mplete data. Write 
cylinders, super-accurate Vane-Guide® check valves, Rees complete data. Writs 
percentage calibrated stroke-length scale, etc. Providence 1, R. I. 


MODEL 1140 PROPORTIONEER 


Discharge MAXIMUM CAPACITY PER CYLINDER IN GPH* 
Pressures (Minimum feed rate 1 15th of max. 
Up To cap. by stroke length adjustment) 


1340 psig. 10.7 13.3 17.8 21.3 26.6 


670 psig. 20.9 26.1 34.8 41.8 52.2 


335 psig. 42.7 53.3 71.1 85.3 106.5 


168 psig. 83.6 104.4 139.2 167.1 209.0 


84 psig. 171.0 213.0 284.5 342.0 426.0 


*Five operating speeds available for various fluid viscosities. For capacities of 
DUPLEX MODELS (see photo), double the capacities shown in table. If you need 
capacities and pressures other than these, consult Proportioneers, Inc., manufacturer 
of the most complete line of porportioning pumps. 


For lowest cost pumps of 


N 


BFE INDUSTRIES@) 
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That’s what the City of Edmunds- 
ton, New Brunswick, Canada, will do 
in 6 short years in operating its new 
8,815,000 kwhr per year generator. 
The reason is the fuel-burning effi- 
ciency of its Hamilton-made Diesel 
521 SA engine. Because of its unique 
Hamilton-designed rotary exhaust 
valve system, this engine is capable 
of operating on bunker-C residual 


Hamilton Model 521 SA diesel engine shown above is capable of 
burning the heaviest bunker oil with absolutely clean exhaust. 


Pay for a quarter-million-dollar diesel unit 
with fuel savings alone! 


fuel at only 11.6c per gallon—as 
compared with 18.6c for distillate 
fuels required with ordinary diesels. 

Last year this Hamilton Diesel- 
powered generator effected operating 
fuel cost savings of $44,000. And 
further savings are expected follow- 
ing installation now under way of 
a hot water heat exchanger in the 
engine exhaust. Eventual cost per 


kwhr is expected to be as low as 
6.5 mills. Light fuel is employed only 
while starting, and for about 20 
minutes before shutting down to 
flush fuel lines and injectors. Heavy 
residual oil is used for all other 
normal operations. Write today for 
complete details on how Hamilton’s 
Model 521 SA Diesel can bring you 
substantial savings. 


Etamilton DiviSioOn. iamitton, onic 


BALDWIN: LIMA:> HAMILTON 


Diesel engines * Mechanical and hydraulic presses e Can making machinery * Machine tools 
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One of many reasons why ALLIS-CHALMERS MOTORS 
operate dependably for 


POWER PLANTS 


Motor Bearing 
is extra sealed” 
wit motors driving boiler feed pumps. 


Allis-Chalmers 1750-hp weather-protected 


VENT is seldom a seal . . . but it is in Accessible, Too! 


this high speed Allis-Chalmers motor. Many man-hours in maintenance are saved 
Just in case any oil or or vapor might because the motor can be inspected and main- 
pass out of the bearing enclosure through —_— tained without opening or disturbing the bear- 
the regular seals it can never reach the Cag A 
i : ; ing itself. It is only necessary to remove the 
motor interior. Instead, it enters an an- half of th lit end shield 
nular chamber at the rear of the bearing  UPPer Nal of the split end shield. 
housing. Pressurized air from the motor For details on these and other features of 
fan region is introduced into this pressure Alllis-Chalmers motors, call your nearby A-C 
chamber and is vented to atmosphere. office or write Allis-Chalmers, Power Equip- 
Positive protection is provided. ment Division, Milwaukee 1, Wisconsin. 


ALLIS CHALMERS 
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To a unique degree, an editorial service for engineers must justify itself on the 
grounds of usefulness. It exchanges ideas and know-how within the field it serves, 
to bring the reader practical help for current problems. It reports new develop- 
ments in methods, materials and equipment, to keep the reader abreast of fast- 
moving technology. And it teaches, to refresh and update the reader's own training 
and experience. 

But these are only the bare bones of usefulness. With them — and nothing more 
— the service is merely adequate. For one thing, the “how” is as important as the 
“what”. An editorial service for engineers may be measured by the skill with 
which it transmits information and ideas. To some extent this means skill with 
words. In the engineering field it means even more — skill with the visual language 
that is the engineer's own. The topnotch editorial service combines the elements 
of words and pictures in an integrated presentation that moves ideas off the printed 
page and into the reader’s mind, quickly and clearly. 

Beyond all this, an outstanding editorial service requires leadership, and leader- 
ship is compounded of judgment, vision, and courage. Judgment to know what 
the field needs, what is currently important. Vision to predict future needs, to 
sense what will be important in months and years ahead. And courage, to act as 
judgment and vision dictate, to speak out forcefully in the interests of the field 
served. 

Over the past 75 years, POWER editors have sought unceasingly to meet these 
exacting standards, to discharge these responsibilities to successive generations of 
readers. The pages that follow record their story, and the story of an expanding 
editorial service geared to the needs of the expanding power field. 
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The Beginnings 


Power's history is the story of an idea followed with- 
out deviation or interruption for three-quarters of a 
century -- a magazine devoted wholly to the single 
task of showing engineers better ways to generate, dis- 
tribute, and apply all the power services. 

For the beginnings of this story, we must go back 
to 1882, and two widely separated places. In New 
England, the Boston Journal of Commerce carries a 
column on the steam plants so essential to the textile 
mills of the area. And two young Journal salesmen, 
Emerson P Harris and Horace M Swetland, ardently 
discuss the possibilities of a paper devoted exclusively 
to power plants. 

In Chicago, N Hawkins, who writes under the name 
“Theodore Audel”, launches a little magazine called 
Steam. Its first issue, October 1882, advocates a national 
association of stationary engineers. 

Still dreaming of a power publication, young Harris 
leaves the Journal in 1883. Later, from New York, where 
he has taken charge of a struggling railway magazine, 
Harris invites Swetland to join him. Swetland agrees, 
on the condition they start the magazine Power they 
had discussed so often in Boston. As proofs for the first 
issue come from the printer, Harris and Swetland pur- 
chase Steam. The initial number of the new publication, 
November, 1884, thus carries the heading “Power, with 
which is incorporated Steam.” 

Under flickering gas lights in the old Stone Building 
at 32 Liberty Street, New York, the staff of the tiny 
American Railway Publishing Company settles down 
to work on three magazines: Power, American Journal 
of Railway Appliances, and Street Railway Journal. 

One of the first additions to the staff is James H 
McGraw, who had been one of Swetland’s pupils when 


68 


November 1884 


he taught at Panama, New York. The new man, later 
to become a giant of publishing, starts full-time work 
in August 1885. His name first appears on the masthead 
of the September 1885 issue of Power as “Advertising 
Manager, New England District”. 

October 1886, finds the company moving from 32 to 
113 Liberty Street. But debts pile up until there is a 
thousand dollars difference between assets and liabili- 
ties. The paper supplier threatens suit. Both partners 
have used all the money they can get. McGraw, sent 
for in the emergency, borrows $1000 from his old friend 
James Knapp of Panama, offering no other security than 
his good name, and an insurance policy of which Knapp 
is made beneficiary. That thousand dollars is McGraw’s - 
first stake in publishing, the first step toward the 
McGraw-Hill Publishing Co of today. 

A series of ownership changes begins in 1888, and 
by the end of that year, E P Harris is publishing Street 
Railway Journal; H M Swetland, Power; and J. H 
McGraw, American Journal of Railway Appliances. In 
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POWER 


July 1902 


In early days, Power looked more like a newspaper 
than a magazine. What we would now call tabloid 
size — 1] x 16 in. — it went right to work on the first 
page, disdaining a cover. The first issue (left) had a 
total of 12 pages — five editorial and seven advertis- 
ing. It soon grew thicker, however, and achieved the 
dignity of a cover. The December 1901 “International 
Edition” ran to nearly 200 pages, carried a handsome 
drawing of a giant angle-type Corliss on the cover. 
The Hill Publishing Co acquired Power in 1902 
and changed the format to “standard” size — 9 x 12 in. 


1889, McGraw purchases Street Railway Journal, and 
the foundation for the McGraw Publishing Co is laid. 
For some years, H M Swetland publishes Power as 
an individual, but in April 1892 he incorporates the 
Power Publishing Co, of which he becomes president 
and general manager. 

During these years in which Power's business found- 
ations were being built, a number of editors sought to 
meet the growing needs of an increasingly enthusiastic 
group of engineer readers. Robert Grimshaw edited the 
infant Power from 1884 to 1886, and was succeeded by 
George L Fowler. In August of 1887, H M Swetland 
assumed the title of editor and manager, with Fowler 
and A D Risteen as mechanical editors. 

Ever anxious to improve editorial content, Swetland 
thought of a young man he had known back on the 
Boston Journal of Commerce. The man was Fred Low 
and he was then editing the Journal's steam-plant col- 
umn. Swetland sent him a copy of Power, asked for 
suggestions. He received them — so complete, sensible 
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March 1943 


© Eddystone plant ~ new high in superpresures 
How to spot boiler-casing leaks fast! 


January 1957 


The July 1902 cover pictured the first central-station 
turbine, at Pearl Street Station, Hartford. 

For many years after 1905, Power covers carried 
advertising, as did most other industrial publications. 
The 1943 cover shows the design adopted after the 
return to editorial covers. In the paper-conservation 
moves of World War II years, page size was reduced 
and after the war was increased slightly to the present 
industrial-magazine standard of 8% x 11% in. 

Today’s covers, designed for each issue’s editorial 
theme, repeat the distinctive “Power” for identity. 


and illuminating that he immediately wrote back and 
offered Low the job of mechanical editor. 

In the September 1888 issue, the name of Fred Low 
appeared on the masthead of Power for the first time. 
And with that issue he began to make his ideas and his 
warm personality a part of the publication that was to 
be his lifework. He found a paper strongly devoted to 
the interests of its steam-engineer readers, a paper 
already established as an educational force among the 
practical men who were the “engineers” of that time. 

To this paper he brought a self-taught man’s sympa- 
thy for educational activities and a genius for teaching 
in print. Perhaps even more important, he brought a 
crusading spirit and a keen perception of the changes 
that were about to occur in the field the paper served. 

In the 80’s, power was mechanical, generated by 
steam engines or water turbines. It was transmitted by 
belts and ropes. Wherever there was a need for power, 
an individual generating unit had to be installed to 
supply it. Thus there were thousands of isolated plants. 


. .. format and cover design have continuously evolved to the familiar style of 1957 ag 
{ 
75 4 Year ot editorial service to power progress 
Devoted to the Generation and Transmission of Power. 
Vo Ne NEW YORK, JULY, 190: Prue, 20 Cents 4 


This pattern was to be changed beyond recognition 
by electricity, just then coming into the picture. But it 
took a man of vision to foresee the changes this new 
energy form would bring and a man of courage to stake 
a publication’s success on preparing for a future that 
was visible only to a perceptive few. 

Here, then, was a challenge for the young magazine: 
Not only did it have a responsibility to educate an en- 
tire generation of steam-minded engineers in the mys- 
teries of the new electrical art — it had also to convince 
them that this was the way of the future. In January, 
1888, publication of an “Electrical Catechism” had 
begun. Then, less than six months after Low joined 
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F R Low 


Men make magazines: Here are three 


More than most other products, a magazine depends 
on teamwork and combined effort. Yet it is equally 
true that few products are stamped so strongly with 
the mark of a single man — the editor. 

Two great editors have left their indelible imprint 
on Power — Fred Low and Phil Swain. Their careers 
span 62 of Power’s 75 years — a continuity of leader- 
ship unique in any field and particularly significant 
in publishing. For 42 years, from 1888 to 1930, Low 
molded Power to his vision of a superlatively prac- 
tical service to the engineers who design, operate and 
maintain power-service facilities throughout all in- 
dustry. Associated with Low from 1921, Swain car- 
ried forward this concept of Power’s role. 

Low takes hold. The young magazine that Low 
joined as mechanical editor offered opportunities he 
was uniquely qualified to grasp. Born April 3, 1860, 
Low left school at the age of 14 to work in a tele- 
graph office. After learning stenography in his spare 
time, he became secretary to Editor Thomas Pray of 
the Boston Journal of Commerce, a man deeply in- 
terested in the budding field of power. Low caught 
this infectious enthusiasm, studied engines and bought 
an indicator. As he ferried daily between Chelsea 
and Boston, he swapped experiences with the engi- 
neers, and indicated their engines. Soon he was editing 
the steam-plant section of the Journal, joining the 
American Society of Mechanical Engineers and the 
new National Association of Stationary Engineers. 

Teacher of genius. To his new post on Power, 
Fred Low brought an abiding interest in all things 
technical, and a sympathetic understanding for those 
striving to learn on their own, as he had done. These 
qualities shine through all his writings, which reveal, 
as well, a true genius for the art of teaching. 

By his broad vision and personal understanding, 
Fred Low helped shape the destiny of the field 
through the pages of the magazine he edited for 42 


P W Swain 


Swetland, Power started an electrical department ( De- 
cember 1888). These serial features, and others born 
later, carried the main burden of the educational effort, 
while editorials hammered steadily at the importance 
of electricity to engineers and plant owners. Looking 
back over the years, the precision with which these out- 
lined the shape of things to come in the electrical field 
is literally amazing. 

In this program of preparation for the dawning elec- 
trical age, the basic interests of steam men were not 
forgotten. Beginning in 1891, Power began publication 
of a complete course in steam engineering, starting 
with elementary mathematics and physics. 
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who molded your editorial service 


years and through the devoted service he gave to 
professional and civic activities. In ASME he held 
many chairmanships, notably of the Boiler Code 
Committee and the Power Test Codes Committee. 

Honors for Low. The year 1924 saw recognition 
come to Low in many ways: He was elected president 
of ASME, represented the Society at the World Power 
Conference in London, was made an honorary mem- 
ber of the Institution of Mechanical Engineers of 
Great Britain, and honorary doctor of engineering. 

In December 1929, in fulness of years and honors, 
blessed with the affection and high regard of his host 
of power-field friends, Fred Low became Editor 
Emeritus of Power. He had hoped to spend the last 
years of his life in rural contentment but illness 
claimed him and he died on Jan 22, 1936. 

Swain carries on. In 1921, Fred Low sought an 
editor who could put engineering facts into plain talk, 
found Philip W Swain, who was to become Powenr’s 
second great editor after serving as assistant, associate 
and managing editor between 1921 and 1934. 

Born in Westerville, Ohio, Aug 26, 1889, Swain 
grew up in New England, spent all his boyhood 
spare time around machinery. Educated at Syracuse 
University (AB, 1911) and Yale (PhB, 1913 and ME, 
1915), he taught heat-power at Yale, saw service in 
France as a World War | artillery captain, gained 
field-engineering experience on his return. 

With his own blend of scientific insight and finger- 
tip mechanical sense, Swain carried forward the Low 
tradition of practical service in a period that saw 
maximum steam pressure triple, the gas turbine come 
of age, and energy from the atom become a reality. 
Like Low’s, his career was marked by service in en- 
gineering and community organizations, service 
recognized by numerous honors including degree of 
doctor of engineering. Retired since Sept 1, 1954, Phil 
divides his time between consulting work and hobbies. 


This vigorous editorial program was bringing the 
magazine new readers and enlarging its sphere of in- 
fluence. Number of pages increased, as did amount of 
illustration. In a year-end editorial (1889) the editors 
cite the use of over 500 original engravings during the 
past 12 months. To accommodate enlarged activities, 
Power moved to 113 Liberty Street in 1886, and, in 
1890, to the World Building. 

The power world of the 1890’s was bubbling and 
boiling over with new ideas, and the pages of Power 
reflect this excitement. Here we see the rise of mechan- 
ization in the powerhouse — mechanical coal handling, 
mechanical draft, stoker firing—and the soaring de- 
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FA Annett 


The classic route to journalistic success 
is said to start in the print shop. Fred 
Annett entered publishing through a print 
shop — the Hill Publishing Co’s — but 
not as a printer’s devil. Former lumber- 
jack, railroader and teacher, Fred was 
then an electrical troubleshooter for the 
firm maintaining Hill’s printing plant. 
It was inevitable that Fred should 
meet Powenr’s editors, write some practi- 
cal articles, and be offered the post of 
associate editor. So, on May 1, 1916, 
began a 35-year career under the leader- 
ship of Fred Low and later Phil Swain. 
In typical Annett fashion, Fred began 
immediately to prepare the now-famous 
“Electrical Study Course” that later be- 
came the book Electrical Machinery. For 
this study course, he saw a need for a 
new way of drawing armature windings. 
He developed one that laid windings out 
flat, yet connected as in the machine. 
As thousands of readers know, Fred 
kept right on finding and filling needs, 
a recent example being the series “Elec- 
tronics for Power Engineers.” Officially 
retired since 1951, when the photo above 
was taken, Fred still writes the practical 
articles that made his reputation. 


mands imposed by the ever-widening use of electricity. 
Here we see the advent of alternating current, the 
famous, and often bitter, “battle of the currents.” 

Here also we see the mounting tragedy of boiler ex- 
plosions. From its beginnings, few issues of Power 
were without a report of such an explosion. By 1892, 
when Fred Low became editor-in-chief, explosions 
were so frequent that each issue carried a column 
headed “Explosions this Month.” Here was something 
for Low’s crusading spirit to strive against — and strive 
against it he did. It took over 20 years for the campaign 
to bear full fruit, but Fred Low never ceased hammer- 
ing at the need for licensing and inspection. 
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How the special report evolved 


The idea of presenting a condensed but complete 
picture of the current state of some part of the 
field occurred early to Power editors. In Jan 1892, 
they ran this roundup of available motors. Others 
dealt with packing, water turbines, etc 


s ELECTRICITY 


Today's special reports, a valued Power feature, 
trace direct linage to pioneering “special sections” 
instituted in 1935. Since that time, each year has 
seen four or five of these “specials”, dealing with a 


variety of power-field subjects 
Here's how you con spot the many eS oe 


Typical of modern special reports is this spread 
from Corrosion (Dec 1956). As have so many of 
these reports, Corrosion was designated “Best 
Single Article” of the year, in a nation-wide com- 
petition for business and industrial papers 


Early engravings, like this one of a dynamo, reflect 
a skill that reached its peak in the days before it was 
possible to make printed reproductions of photos 


1902 — Era of change 


Early in 1902, the Hill Publishing Co purchased 
Power. New ownership can be a terrifying thing to 
editors dedicated to carrying on a high tradition: Will 
the new management turn its back on cherished 
ideals, while seeking some short-cut to wealth? In this 
case, there was no need to worry. John A Hill, a color- 
ful and commanding figure out of the West, had risen 
to publisher from the ranks of Rocky Mountain loco- 
motive engineers. He was out to give other practical 
men the chance he had to learn and climb. 

Hill took a fresh look at the physical makeup of 
Power. Result: The April 1902 issue was streamlined 
and modernized from stem to stern. Page size, which 
had been 11x16 in., dropped to a convenient 9x12 in. 
Type and layout were completely changed, the pages 
sparkled with fine halftones, excellent drawings. Here 
was a big forward step in what is now called “presen- 
tation”—a step Power was to take again and again. 

It was typical of Hill that he had the first three 1902 
issues reprinted in the new format, so readers who 
bound their copies would not be inconvenienced. He 
preferred to accept the cost of this gesture, rather than 
wait a year to put needed changes into effect. 

In 1903, Power absorbed Science and Industry; in 
1908 it added the Engineers’ Review of Cleveland, and 
The Engineer of Chicago. The enlarged magazine be- 
came a weekly and the name was changed to Power 
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How progress changed 
illustration 


Accustomed as we are to the 
modern picture magazine, it’s 
hard for us to visualize a time 
when it wasn’t possible to re- 
produce a photo on the print- 
ed page. The halftone proc- 
ess, which brought this about, 
wasn’t perfected until about 
1885 and didn’t come into 
general use in magazines and 
newspapers until about 1900. 

Yet, from che beginning, 
Power was magnificently il- 
lustrated, with beautifully 
drawn and shaded engravings 
facing page. As soon, how- 
ever, as use of photographs 
became possible, the editors 
recognized they could often 
be used more effectively than 
drawings. From then on, both 
methods were used, according 
to specific needs. 


First photograph to appear in Power was this shot of the results of a boiler explosion in 
Oakland, Calif. It offers silent testimony to editorial alertness: It ran in the November 
1889 issue, at a time when photographs were just beginning to be used in magazines 


and the Engineer. In 1911, the title again became These efforts saved thousands of American lives. 
Power. Offices had been moved in 1904 from the Today, with immensely more boiler capacity and far 
World Building to the Hill Publishing Co headquarters higher steam pressures, there remains little to remind 
at 505 Pearl Street. The entire organization moved in us of a time when, on the average, a boiler exploded 
1914 to the new Hill Publishing Co building at 10th somewhere in the U. S. every working day. 
Ave and 36th St. 
With Hill’s dynamic backing, Fred Low expanded 
the magazine’s scope and made it an even more effec- | 9 i] 7T a New frontie rs 
tive force in the power world. For years, Power had 
been reporting the often faltering steps toward steam 
turbines, and the arguments about superheat. Again In the years since 1889, when he bought Street Railway 
Power had been on the side of the future, and now Journal, James H McGraw had built a unique pub- 
the editors began an intensive program to ready en- lishing organization. Now his fortunes and those of 
gineers for the new high-speed high-temperature era. Power were to be linked again. After John Hill's 
In these early days of the new century, Fred Low’s_ death, the McGraw and Hill interests were merged 
crusading spirit burned bright. Early in his career (1917) to form what is now the McGraw-Hill Publish- 
he had exposed crooked licensing in New York and _ ing Co, Inc. Until Oct 1931, when the present building 
for years had wielded a trenchant pen against pro- at 330 West 42nd St was occupied, headquarters re- 
moters of perpetual-motion schemes, boiler-water nos- mained at 10th Ave. Here, again, a change of owner- 
trums, fake “coal savers”, and the like. In 1907, he ship meant progress. Armed with James H McGraw’s 
played a major part in breaking up the famous Carroll publishing vision and the resources of the McGraw- 
carbonic-acid swindle. Hill organization, Power was ready to grasp new op- 
But these were negative accomplishments. Low portunities in a changing power world. 
loved to fight for positive good, and to win. For him, And changing it was. The long period of technical 
1915 must have been a rewarding year — it saw the consolidation that followed the revolutionary innova- 
ASME Boiler Code become an actuality. Low and _ tions of the 1890’s and 1900’s was coming to an end 
Power had been part of this advance every step of the _ with a series of breakthroughs — big jumps in pressure, 
way, constantly drawing attention to the appalling pulverized coal, waterwalls, air heaters, new and more 
consequences of boiler explosions, advocating licensing __ efficient cycles. Here was a vastly more complex tech- 
and inspection, backing the early efforts of the Ameri- nology, demanding new editorial skills. 
can Boiler Manufacturers Association. Meeting these demands was a staff headed by Fred 
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Low, with A D Blake, F A Annett, L H Morrison, A E 
Cole, Thomas Wilson, and Franklin Van Winkle. A 
relative newcomer, P W Swain, was already making 
his mark. Swain’s 1923 articles on the Benson super- 
pressure boiler were an international technical scoop. 
Abstracted abroad, they started wheels turning in Ger- 
many, where the Benson process was adopted. 

The 1920's also saw the culmination of trends that 
had their origin in the electrical revolution, trends that 
changed the power-engineer’s job and hence the edi- 
torial service he needed. The advent of central-station 
electricity created a new group of power men, whose 
sole concern was with generation. It widened the re- 
sponsibilities of power men in industry by giving them 
the option of generating power or purchasing it, and by 
giving them new and more flexible ways of distributing 
and applying power within the industrial plant. 

Along with these changes came rapid development 
of what we now call the power services. To the older, 
basic services of steam, water and mechanical power 
were added electricity, compressed air, refrigeration 
and air conditioning. Industrial power men were now 
power-service engineers with wider needs and interests. 

Power's editorial service, always sharply tuned to 
reader needs, changed to meet these new patterns and 
in this development Phil Swain played a leading role. 


1934—The modern era 


Fred Low, nearing the Biblical three-score-and-ten, 
played a less active role as the 1920’s drew to a close. 
On Jan 1, 1930, he became editor emeritus and Ely 
C Hutchinson, former president of Pelton Water Wheel 
Co, became editor. He served through 1933. 

Shortly after Phil Swain took the helm on Jan 1, 
1934, plans were made for a new editorial feature. 
Result: The first of a continuing series of special reports 
was published in 1935. Extensively illustrated, these 
condensed “handbooks” have become one of the most 
consistently popular elements in Power's program. 

As the U. S. climbed out of the depression trough 
and entered the hectic years of World War II, the 
tempo of technological activity accelerated sharply. 

Pioneering articles on gas turbines were followed 
in 1940 by the first article on nuclear power to appear 
in the industrial press. In 1945, Swain spearheaded a 
company-wide report on atom potentials and soon after 
he was at Bikini for the first atom-bomb tests. 

Here, too, was a repetition of the 1880's, with their 
need for educational material on electricity. Now the 
job was acquainting a new generation of power men 
with the atom and with the techniques of harnessing 
it for peaceful power purposes. A big step in this di- 
rection was taken under Swain’s command with Power's 
now-famous “Nuclear Energy Study Course” (1954- 
1956). This was aimed at Power's engineer audience. 
In 1955-56, Power added a new dimension to industrial 
journalism by taking the nuclear story to power-field 
management men through a series of seminars. 

After 17 years as Swain’s associate and partner in 
pioneering moves, Lou Rowley became editor in Sept 
1954. His is the task of continuing the Powenr story. 
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Key role of the managers 
Business-paper publishing, to be truly suc- 
cessful, calls for more than the presentation 
of quality editorial material. Being a busi- 
ness, it must show a profit if it is to con- 
tinue and grow. And, like any other suc- 
cessful business, profits must be plowed back 
to steadily improve the product, In pub- 
lishing, this means expanding editorial serv- 
ice, improving quality of production, in- 
creasing circulation in the right directions. 

The publisher’s role thus begins with re- 
sponsibility for insuring the publication’s 
growth and business health, But it extends 
beyond this — together with the editors, the 
publisher sets the magazine’s course. 


N O Wynkoop 

In this broad sphere, men of vision like 
Swetland, Hill and McGraw left an indelible 
imprint. And because this rounded concept 
of publishing responsibility has been held 
by the men who have guided Powen’s busi- 
ness destinies over the past 75 years, its serv- 
ice and influence have grown and expanded 
as the power field itself has grown. 

No account of Power’s management would 
be complete without mention of N O Wyn- 
koop, known as “Dutch” to his many friends 
in publishing and in industry. A 1916 An- 
napolis graduate, with destroyer duty behind 
him, Dutch became Power’s Philadelphia 
district manager in 1921, its manager in 
1928 and publishing director in 1929. 

Out of the 20 years he guided Powenr’s 
publishing program, Dutch remembers best 
the tough depression years that tested man- 
agement skills to the utmost, the part he 
played in building Power's coverage of the 
industrial power services, and the boost he 
gave to the beginnings of the now long- 
established program of special reports. 

Since 1949, when Dutch Wynkoop be- 
came McGraw-Hill controller, Shelton 
Fisher has been publisher. The recent record 
bespeaks a continuation of the Power phi- 
losophy: building on greater reader service. 
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BLAW-KNOX has what it takes 


—to provide these products and services 


ee 
t SPeCific require 
e Ments 


Pansio 
Manifolds 


(HANGERS and SUPPORTS 


for all types of piping installations 


esign 
a meet specific requirements 


cture 

gow with ‘‘code for pressure piping 

* constant support spring ang 

* rigid hanger assemblies 

* overhead roller assemblies 

*supports 

* vibration eliminators 


Write for Catalog No. 54 


jneer 
= meet spec 


Write us about your requirements for any 
or all of these products and services. Our ex- 
perienced engineers will be glad to help you. 


me BLAW-KNOX COMPANY 
Power Piping and Sprinkler Division 
829 Beaver Avenue + Pittsburgh 33, Pennsylvania 
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PUMP IS RUNNING COOL AGAIN AND IT'LL STAY COOL 


Lubricants that are mere surface 
coatings can’t stop heat build-up. 
But in R/M’s Big 7 Packings, the 
lubricants are ground in during 
manufacture. Heat cannot dissipate 
them, nor pressure force them out. 
They're there to stay! So much so 
that even after the packing starts to 
wear, the bearing surface remains 
lubricated. And there’s no shaft scor- 
ing, either! 


This is but one of many superior 
features of the Big 7. By standardiz- 
ing on this basic line (chances are 
you'll actually need only 3 or 4 for all 
your packing problems), you save on 
inventory, need lower initial cash 
investment, and make ordering easy 
as pie. 

Ask the R/M distributor to lend 
you a helping hand. He'll be glad to. 
And when it comes to packing prob- 
lems, you'll find him an expert. 


R/M's BIG 7 PACKING TYPES MEET 95% OF ALL PACKING NEEDS 


R/M packings for maintenance purposes are sold only through authorized R/M distributors 


Ml BIG 7 PACKINGS 


RAYBESTOS-MANHATTAN, INC. 


PACKING DIVISION, PASSAIC, NJ. 
MECHANICAL PACKINGS AND GASKET MATERIALS 


FACTORIES: Passaic, N.J.; Bridgeport, Conn.; Manheim, Pa.; No. Charleston, S.C.; Neenah, Wis.; Crawfordsville, Ind.; 


Peterborough, Ontario, Canada 


RAYBESTOS-MANHATTAN, INC., Mechanical Packings Asbestos Textiles Industrial Rubber Engineered Plastics 
Sintered Metal Products ¢ Abrasive and Diamond Wheels « Rubber Covered Equipment e Brake Linings « Brake Blocks 


Clutch Facings « Industrial Adhesives « Laundry Pads and Covers e Bowling Balls 
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River are the largest with fixed-blade 
propeller turbines, 2,400,000 hp. 
Two plants—one in Canada, one in 
U.S.—each have sixteen 75,000-hp 
turbines. 

Kemano plant, B.C. Canada— 
largest plant with impulse turbines 
—will have sixteen units, each 150,- 
000-hp. Eight are installed or on 
order. Three of the world’s largest 
underground plants are also in Can- 
ada: Kemano, 2,400,000 hp, Bersi- 
mis No. 1, 1,200,000 hp and Chute 
des Passes, 1,000,000 hp. 

Most pumped-storage plants are in 
Europe, but the largest one is in Can- 
ada as part of Sir Adam Beck-Ni- 
agara No. 2 project, Niagara Falls. 
This plant, for which all water is 
pumped, has 270,000-hp total capac- 
ity in six 45,000-hp kaplan pump- 
turbines. Even though these units are 
not the highest powered pumps (55,- 
000 hp), they have the highest ca- 
pacity (4600 cfs, 2,070,000 gpm) 
under 75 ft head. Hiwassee plant on 
the TVA system has the highest pow- 
ered pump-turbine, rated 80,000 hp 
as a turbine and 102,000 hp, 3900 
cfs, 205-ft head as a pump. 

Plants in the U.S.S.R. have not 
been included in the tables, but up to 
the present none have an operating 
capacity as large as those reported 
for the free world. Several U.S.S.R. 
plants are reported to be in various 
stages of construction, design and 
planning. Among these are Kuiby- 
shev, 3,100,000 hp and Stalingrad, 
3,450,000 hp, both on the Volga 
River; and Bratsk, 4,800,000 hp, on 
the Angara River, a tributary of 
Yenesei, in Siberia. All three are 
reported to be under construction 
which will make Bratsk the largest 
plant in the world when completed. 

Yangtze Gorge plant, Yangtze 
River, China, is the largest ever pro- 
jected. Preliminary engineering was 
carried on under the Nationalist Gov- 
ernment and overall designs were 
made by the U.S. Bureau of Reclama- 
tion. This project was to include 
a 750-ft high concrete dam to form 
a reservoir of 50-million acre-ft stor- 
age, with two 7,200,000-hp under- 
ground power plants housing ninety- 
six 150,000-hp units. When the 
Nationalist Government crumbled, 
this project fell with it. 


With few exceptions, practically 


75TH ANNIVERSARY * POWER * SEPTEMBER 1957 


| 

q 

| A HOT (STUFFING BOX) PROBLEM FACES PETE PACKING 

> 
= 

| 
C+ 


r 


SERVES THE POWER INDUSTRY 
WITH SKILL AND UNDERSTANDING 


For 100 Years, the Dependable Source for 
Custom Fabrications in Steels and Alloys 


Modern Welding Techniques Used to 
Fabricate Recent Penstock Elbow 


Many of the modern welding techniques for 
both steels and alloys are Graver developments. 
The dependable performance and long-life re- 
quirements for power plant installations are 
well known to Graver engineers. Constantly 
striving to render remarkably good service, 
Graver’s country-wide organization is readily 
available for consultation. No matter how large 
or how complicated your fabricating require- 
ments, Graver’s experienced craftsmen tackle 
your project with skill and understanding. 


PITTSBURGH e 
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Building for the Future on a Century of Craftsmanship in Steels and Alloys 
GRAVER & MFG.(C0.[NC. 


EAST CHICAGO, INDIANA NEW YORK e PHILADELPHIA « EDGE MOOR, DELAWARE 


CHICAGO TULSA SAND SPRINGS, OKLAHOMA 
HOUSTON ¢ NEW ORLEANS ¢ LOS ANGELES ¢ SAN FRANCISCO ¢ FONTANA, CALIFORNIA 


1 


About the Time of World War |, 
A Riveted and Welded 
Turbine Case Section 


Before welding was perfected for com- 
plicated fabrications, Graver’s skills 
in forming and punching plate for ac- 
curate riveting was widely regarded. 
This turbine case section employing 
Graver riveting and welding tech- 
niques is an example of an early type 
of fabrication for the power industry. 
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Cleans Fire Tubes 


DDD FAS PDD 


You can now clean fire tubes inside as well 
as outside faster with a new Rotojet. The 
new Rotojet is the most powerful tube 
cleaner we ever built. It won't stall at low 
speeds caused by heavy loads. Roto ex- 
panding heads and brushes thoroughly 
clean soot scale inside tubes. A Roto vibrat- 
ing head (illustrated above) knocks off 
water scale adhering on the outside. 


Try the new Rotojet, and no other tube 
cleaner will ever satisfy you. 


Economical Roto Brushes. 
Roto expanding brushes and heads have 


separately replaceable wearing elements. Roto expanding brush, showing a replaceable 
These inexpensive parts save time, money, brush element. Brings down tube cleaning 
and critical materials. Send for details. cost. Maintains high cleaning efficiency. 


Roto solid wire brush. 


Model S505 ROTOJET Air-driven 
Motor with 2-arm head for 2” 
O.D. tubes. 


ELLIOTT COMPANY - ROTO DIVISION 


Tube Cleaner Specialists Since 1910 
153 Sussex Avenue, Newark, N. J. 
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all high-head pelton, francis and kap- 
lan turbines are in Europe. In 
France, Italy, Switzerland, Austria 
and Norway there are 20 hydro 
plants with impulse turbines operat- 
ing at heads of 3000 ft and over. 
Most of these are recorded in the 
tables. Reisseck, Austria, is the 
highest head plant, with two 31,000- 
hp units for 5800-ft head. Two plants 
in Switzerland, Dixence and Fully, 
also have heads of over one mile. 

Los Molles, Chile, is the highest 
head plant in the Western hemis- 
phere — two 12,700-hp units at a 
3547-ft head. With this exception, 
few plants are in operation or under 
construction for heads over 2000 ft 
outside of Europe. Trend for this 
type of installation in U.S. and Can- 
ada is to multiple-nozzle vertical- 
shaft units. Notable among these are 
Bridge River No. 1 and 2 turbines 
with 6-nozzle units and Kemano with 
4-nozzle units in Canada. In the U.S., 
two plants for 6-jet units and one for 
two 4-nozzle turbines are under con- 
struction. Haas, largest of these, will 
have two 92,000-hp six-nozzle tur- 
bines for 2324-ft head. 

We've seen that most high-head 
francis turbines are installed in 
Europe. Tables show 14 of these 
plants operating at heads above 
1000-ft. Hemsil, under construction 
in Norway, will have two 50,000-hp 
turbines for 1780-ft head—a record. 
This is an increase of 290 ft over 
the previous record of 1490 ft for 
Fionnay, Switzerland which has two 
62,800-hp units installed and space 
for a third. Against this record in 
Europe, only five francis-turbine 
plants at heads above 1000 ft were 
reported, one in Australia, three in 
Mexico and one in U.S. The highest 
head in this group, 1246 ft, exists at 
Tingambato, Mexico. 

Again, most of the high-head kap- 
lan-turbine plants are in Europe—14 
for heads above 100 ft are recorded 
in the tables. The highest head, 290 
ft, is Nembia, Italy. In the western 
hemisphere, Mexico has the two high- 
est-head kaplan-turbine plants: Mo- 
cuzare, 179 ft and El Oviachic, 157 ft. 

At the end of the kaplan-turbine 
section in the tables, Outside U.S. 
and Canada, are two low-head plants: 
Vargon, Sweden and St. Malo, 
France. The two 15,000-hp Vargon 


* SEPTEMBER 1957 


POWER 


o 
Sa” | 
4 & 
| 
: KS | & 
Model $525 ROTOIET Air-driven 
fer 0.D. tubes. 
78 
Ree 


NO MORE RUPTURED 
BELLOWS AND FLOATS 


FLOAT & THERMOSTATIC 
| WITH THE 4-PURPOSE MIRACLE VALVE 


No bellows, but a aided stainless 
steel bimetallic element, not affected 
by water hammer, fatigue or corrosion. 


STELLITE 
FACED SEAT 


Integral stainless 
steel strainer re- 
duces initial and 
installation cost. 


Integral check valve. 


AIR VENT AND = STEAM-HOT STEAM ACTS AS | 
CONDENSATE CONDENSATE TRAPPING CHECK VALVE 


STRAIGHT 


vert 


ANGLE ude) 
Dual inlet and outlet for most 
convenient installation. 


1 seat, valve and mechanism combines the function 


of 3 seats, valves and devices in standard installations. NOT AFFE CTED BY 
WATERHAMMER 


MAIL THIS COUPON TO-DAY, 


Easily serviced, only 6 screws to 
remove to inspect or replace 
working parts. 


VELAN VALVE CORPORATION 
| 37 SOUTH RIVER ST., PLATTSBURGH, IV.Y. 


' Please send me more information on your 
Monovalve Steam Trap 


VA LVE CO RP. [1] Please send me 1 Monovalve F & T Trap for 


"30-day free trial” 


Freezeproof. 


37 South River Street, | Size 
Plattsburgh, New York | NAME 
Trap body design and - 


location of valve as- 


Velan Engineering Ltd. 
sures self-draining. 
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by 


ask your 
BELMONT 
Distributor 


such leading Packing 
Distributors as: 
Speck-Marshall Co. 
in Pittsburgh 
and 
San Antonio Machine 
& Supply Co. 
in San Antonio, 
Waco, Corpus Christi 
are ready to serve you 
promptly and helpfully, 
wherever you are. 


*duPont Trademark 


The Stronger, Longer Wearing, 
Better Lubricated Packing 


BELMONT 


A revolutionary braided construction, re- 
quiring special machinery—every strand 
in Criss-Cross Braid passes diagonally 
through the body of the packing, hence 
each strand becomes an integral part of 
the whole. 


With Criss-Cross Braid, there is no out- 
side layer to wear off, ravel, disintegrate. 


This solid, integral braid is stronger, re- 
quires less gland adjustment. With its 
lubrication locked into the weave, it is 
more flexible and stays so. 


For longer service life than any conven- 
tionally braided packing can offer— 
specify Belmont Criss-Cross. 


Made in white and blue asbestos, 
TEFLON*-impregnated asbestos, and 
pure TEFLON. 


Write for Catalog 56. 
The Belmont Packing & Rubber Co. 
Butler & Sepviva Sts., Phila. 7, Pa. 
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turbines operate in syphon settings 
under a 14-ft head. Their runners 
are the largest kaplans, 26-ft 3-in. 
diameter. St. Malo is experi- 
mental unit and promises to be the 
first successful large-tide hydroelec- 
tric power project. It is being built 
in the Rance River estuary on the 
Brittany coast, France. 

An outstanding difference between 
U.S. and Canadian hydro plants and 
European plants is the wide use of 
pumped storage in the latter for both 
high and medium-head installations. 
There are about 100 hydro plants in 
Europe — particularly in Germany, 
Austria, Switzerland, France and 
Italy—that have pumped storage. 
Notable among these are Reisseck, 
Austria, with two 7550-hp pumps 
operating against 3500- to 4085-ft 
head. The highest powered are two 
units in Limberg plant rated 200,000 
gpm, 1350-ft head and 80,000 hp. 

Thus far we've reviewed hydro- 
electric developments of the last 75 
years. What of the future? The next 
25 years will see water power sites 
in the highly industrialized countries 
of the world practically developed. 
Africa, Asia and South America hold 
about 80% of world’s potential, but 
only about 1% is developed. It’s here 
that hydro growth will continue, 
long after other countries are using 
practically all of their available hy- 
dro resources to help serve their 
vastly expanded power needs. 


MILESTONES 
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space from an incandescent filament 
to a plate in a light bulb—the “Edi- 
son effect.” 


1884 
Frank J Sprague exhibits his con- 
stant-speed motor and installs the 
first electrically operated elevator to 
utilize it; the American Institute of 
Electrical Engineers is organized; 
J J C Smith invents a strip process 
for insulating wire; Philip Diehl in- 
vents a de motor, the speed of which 
is varied by shifting the field poles; 
Elihu Thomson patents the use of 
blowout for extinguishing ares. 
Charles A Parsons obtains a Brit- 
ish patent on a reaction-type steam 
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MILESTONES 


Begins on page A+153 


turbine; DeLaval develops idea of the 
“flexible” shaft for high-speed rotat- 
ing machines; Professor Elliot cites 
advantages of interstage steam extrac- 
tion for heating feedwater. 


1885 


George Westinghouse options the 
American patent rights to the Gaulard 
and Gibbs ac system; Thomson ob- 
tains patents on the grounded sec- 
ondary; the first convention of the 
National Electric Light Association is 
held; the Association of Edison Tllu- 
minating Companies is organized; C 
G Curtis, F B Crocker and S S 
Wheeler manufacture and sell one 
hundred identical motors; W S Ichn- 
son invents an automatic temperature 
control. An automatic draft regulator 
is patented; DeLaval designs his first 
impulse turbine. 


1886 


Westinghouse and William Stanley 
demonstrate the first practical ac dis- 
tribution system at Great Barring- 
ton, Massachusetts; the first commer- 
cially successful ac generating station 
makes Buffalo, New York, the first 
city in the United States to receive ac 
on a large scale. A metering system 
for the electricity consumed by mo- 
tors is inaugurated by Sprague; 
Thomson patents the first electric- 
resistance welding process. Dr R V 
Mattison experiments with 85% mag- 
nesia, molds sectional pipe coverings. 


1887 


Stanley develops an ac constant-po- 
tential generator; Elihu Thomson 
builds the first repulsion-induction 
motor; N DeBenardos and S Olszew- 
ski patent carbon arc-welding. Besse- 
mer steel, instead of wrought iron, is 
used for the first time in the making 
of butt- and lap-welded pipe. The 
disk-type water meter is originated. 
A heating, ventilating and moistening 
system is installed in Pacific Mills. 


1888 

Nikola Tesla announces his discovery 
of the rotating magnetic field and 
patents the fundamentals of the poly- 
phase system; O B Shallenberger in- 
vents the induction meter for measur- 
ing ac; carbon brushes introduced. 
(Continued on page 82) 
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EARN 
EXTRA 
PROFITS 
IN 
SAVINGS 


MeNally Pittsburg developed this 250 ton per hour sys- 
tem for the EMPIRE DISTRICT POWER & LIGHT CO. 


McNally Pittsburg assisted in developing this 300 ton per hour system for the 
KANSAS POWER & LIGHT CO. 


— With Cost-Cutting 


COAL-HANDLING SYSTEMS 


Engineered for Your Plant 


Are you paying ‘“‘extra fare”’ 
luxury rates for that last ride 
your coal must take from 
the truck, car, or barge, to 
your bunkers? 

Why pay more? Why risk 
breakdowns, when you can 
save extra “‘profits’? and be 
sure of year-round efficiency. 


McNALLY PITTSBURG Sys- 
tems automatically handle 
more coal per dollar—min- 
imum maintenance costs. 

The men who know coal 
from the ground up will be 
glad to study your coal-han- 
dling problems with you. 
Mail coupon. 


PITTSBURG 
“Tht Men, Who Krow Crab From The Cround-lyy” 


MeNally Pittsburg Mfg. Corp., Dept. PO, Pittsburg, Kansas 
Gentlemen: Send more information on your Coal-Handling Systems. 


Name 


Title 


Company 


City and State 
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When modernizing your plant and equipment, you can 
cut costs by installing positive displacement Viking 
Rotary Pumps. You can pump liquids ranging from LP- 


WILL YOUR 
PUMPING 


BE MODERN 
100? 


Gas to bunker C with self-priming Vikings. You can 
eliminate uncertain, troublesome gadgets, exta piping, 
auxiliary equipment, etc. 

One Viking does your pumping job from start to finish, 
requiring low horse power and delivering high efficiency. 
Vikings have stood the test of time. Many have records of 
10, 20, 30, and even 40 years with little or no mainte- 
nance. Over the years, Vikings have been improved to 
meet new problems and to give still better pumping 
service. 

For the pumps that will save you money and modernize 
your pumping, specify Vikings. Ask for bulletin 57Sw to- 
day. 


VIKING — the leader, 
not a follower, 
in Rotory Pumps 


VIKING PUMP COMPANY 


Cedar Falls, lowa, U.S.A. In Canada, it’s “ROTO-KING” pumps 


piGeLOW * 
BADENHAUSEN * 
casey HEDGES 
CONNELLY * 
COMBUSTION * 
COLLINS * 
EOGEMOOR * 
erie city 
HEINE * 
FOSTER pons > 
any size... any boiler 
Maxim 
ross * You can get the tubes you need, right 
mast ® now ... if you order your replace- 
SPRINGFIELD % ments from B.T.A. Yes, you save time, 
STIRLING money, headaches, because B.T.A. 
HTUSWILLE * carries the most complete range of 
yNion IRON WORKS * sizes... regular or heavy gauges... 
voot * for any make of boiler. No need for 
wicks % costly shut-downs—phone or wire! 


and others 


BOILER TUBE CO. OF AMERICA 


ee McKEES ROCKS, PA. (Pittsburgh District) Federal 1-750 


MILESTONES 


Ackroyd Stuart patents an in- 
ternal-combustion engine using com- 
pression ignition with a hot-surface 
vaporizer. The screw-pump and heli- 
cally wound finned tubing are orig- 
inated. DeLaval, who had designed 
his first impulse turbine somewhat 
earlier, obtains a Swedish patent on 
the expanding nozzle. 


1889 

The first ac power-transmission sys- 
tem in the United States begins oper- 
ating between Portland, Oregon and 
Willamette Falls. The first electri- 
cally operated passenger elevator is 
installed. A practical single-retort 
underfeed stoker is developed. W W 
Nugent patents the first automatic 
oiling device for a side-crank engine. 


1890 

The first chloride-accumulator stor- 
age battery goes into service; a di- 
rect-reading deflection-type galva- 
nometer is produced by Dr Edward 
Weston. The Bradford coal breaker 
is designed. The St. Louis Automatic 
Refrigerating Company installs a dis- 
trict refrigerating system to cool res- 
taurants, beer halls, etc; space for 
ice is included in the outdoor-air in- 
take of Carnegie Hall’s heating and 
ventilating system; artesian water in 
the heating coils is used to cool the 
air in the Lennox Lyceum Theater 
in New York. 


1891 

Westinghouse introduces the 60-cycle 
frequency; the Edison Electric Light- 
ing Company wins a five-year court 
fight over the legality of Edison’s in- 
candescent-lamp patent. Cooling coils 
are installed on the walls of Eastman 
Kodak Company’s film and _ plate- 
coating rooms in Rochester, New 


York. 


1892 


Compensating windings are devel- 
oped for generators. The rotary con- 
verter is originated, a successful non- 
arcing lightning arrester is built, 
and the polyphase system of ac gen- 
eration and distribution is intro- 
duced. Pushbutton controlled eleva- 
tors are installed. Ice, placed in the 
fan-ventilating system, cools the 
Broadway Theater in New York. 
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1893 
The first code covering the instal- as — D 
lation of electrical equipment is 


printed; Weston invents the external- 


shunt type of ammeter. The first 1 " Th HARDNESS BOILER 


high-speed geared turbine in the 


United States, designed and built by iM FEEDWATER 
DeLaval in Sweden, is in operation a ) —at LESS COST / 


at the Columbian Exposition in Chi- ' 
cago. E G Acheson obtains a patent ] 4 


on silicon-carbide production. 


1894 


The first compensating-winding gen- 
erator having commutating poles is 
built; 60-cycle ac starts gaining ac- 
ceptance; air- break air - operated 
switches are designed and built. The 
development of multi-stage impulse 
turbines begins. 


1895 


Elihu Thomson develops the constant- 
potential arc lamp, for 110-volt mul- 
tiple circuits. George Westinghouse 
obtains an exclusive license agree- 
ment for the manufacture and sale 
of the Parsons steam turbine. His 
first model is built the following year. 


The American Society of Heating Top photo shows new outdoor hot lime-zeolite i OT L i ME 


and Ventilating Engineers is founded ; softener installation in a Southern refinery. 
Linde Canadian Refrigerating Com- _ Five Nalcite HCR ion exchange units (lower 

all f bri photo) have output of 470,000 gallons of ZEOLITE 
pany installs a fan-coll with brine zero hardness water between regenerations. 


spray defrosting for air cooling. TREATMENT 


1896 


@Sta with the simplicity of operation add the low 
Laval in Sweden, are installed ex- Operating costs of hot lime-zeolite softening .. . all made 
perimentally in an American central possible by the outstanding high-temperature performance 


station. Rateau invents the pressure- 
. of : " 
Nalcite HCR in the zeolite softeners. Results: Zero hard 


bine; Curtis obtains an American ness water, from virtually any raw water source, with a 
patent on velocity compounding for minimum of testing and control required. See your water 


turbines. The first true induction 
watthout meter is brought out. ea ing equipment manufacturer for etails on new or 


Welded flanged pipe is introduced. conversion hot lime-zeolite treatment for your plant... 
and for top softener efficiency, specify Nalcite HCR. 


1897 * Reg. Trademark of The Dow Chemical Company 
Dr Rudolph Diesel invents the en- 
gine that bears his name, and Adol- 
phus Busch obtains exclusive Ameri- 
can rights to it. The autostarter for 
motors is brought out. Nicholas 
Slawianoff receives a patent on metal- 
lic arc-welding. 


NATIONAL ALUMINATE CORPORATION 
6222 West 66th Place ° Chicago 38, Illinois 
In Canada: Alchem Limited, Burlington, Ontario 


® When you use Nalcite resins, you take 
advantage of Nalco’s long and broad 

1898 experience in water and process 

Carbon circuit breakers are developed technology. 

for low voltages. Busch forms the PRODUCTS | 


Diesel Motor Company of America 
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SERVING INDUSTRY’S 
COMBUSTION REQUIREMENTS 
FOR 45 YEARS 


NATIONAT AIROIL 


FUEL OIL PUMPING 
and HEATING UNITS 


P-952A—Steam Turbine and Electric Motor 
drive gives flexibility in this compact Model 
P-ES2H size No. 25 unit. 


Complete range of sizes and models in both 
medium and high pressure types . . . more com- 
pact than ever! Write for Bulletin 40. 


NATIONAL AIROIL 


COMBUSTION 


AIR CONTROL DOOR 
and FRAME 


FUEL-OIL SUCTION 
STRAINER 


WIDE VIEW 
PEEPHOLE 


FURNACE RELIEF 
and ACCESS DOOR 


IGNITION PORT 


These and other “accessory items” for every 
industrial liquid fuel-gas installation. Ask for 
Brochure No. 10. 


NATIONAL AIROIL 
UNIVERSAL REGISTERS 
with 
TYPE "SA" OIL BURNERS 


Control for 
Air Vane 


Control for 
Refractory Faced Disk 


BETTER PERFORMANCE with NATIONAL 
AIROIL Universal Registers because they 
have a DUAL FEATURE for controlling air 
volume independent of turbulence. Air vanes 
can be instantly reversed to change direction 
of turbulence while air volume is separately 
regulated by a refractory faced disc control. 
Both adjustments can be made while the 
burner is firing. 

Another “dual advantage” of NATIONAL 
AIROIL Universal Registers is that they are 
equipped for dual fuel firing of gas and oil. 
Universal Registers with burners are avail- 
able in three (3) sizes . . . capacities up to 
60,000 Ibs. of steam produced per burner 
per hour. Write for Bulletin 51. 


OIL BURNERS and GAS BURNERS for indus- 
trial power, process and heating purposes 

STEAM ATOMIZING OIL BURNERS 

SLUDGE BURNERS, Steam Atomizing 

MOTOR-DRIVEN ROTARY OIL BURNERS 

MECHANICAL PRESSURE ATOMIZING OIL 
BURNERS 

DUAL STAGE, Combining Steam and Mechani- 
cal Atomization 

LOW AIR PRESSURE OIL BURNERS 

AUTOMATIC Olt BURNERS, for small process 
furnaces and heating plants 

GAS BURNERS 

COMBINATION GAS & OIL BURNERS 

FUEL OIL PUMPING and HEATING UNITS 

FURNACE RELIEF DOORS 

OBSERVATION PORTS 

SPECIAL REFRACTORY SHAPES 


NATIONAL AIROIL BURNER CO., INC. 


Main Office 
and Factory: 


1250 EAST SEDGLEY AVE., PHILADELPHIA 34, PA. 


Southwestern Division: 2512 South Boulevard, Houston 6, Texas 


INDUSTRIAL OiL BURNERS, GAS BURNERS, FURNACE EQUIPMENT 
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MILESTONES 


and builds the first diesel engine used 
commercially in the United States. 
The Sirocco fan is invented in Ire- 
land by S C Davidson. 


1899 


The first commercial steam turbine 
built in the United States is installed 
at the plant of the Westinghouse Air 
Brake Company. James Mapes Dodge 
obtains American patent rights to the 
silent chain. A fan-coil indirect-heat- 
ing system, with wash tubes after the 
spray chamber, is installed for a St. 
Louis shoe company. 


1900 


The first steam turbine for central- 
station service begins operating in 
Hartford; an effective water seal is 
developed for the prevention of leak- 
age at the place where the rotor 
shaft passes the walls of turbine cas- 
ings; Charles G Curtis and William 
L Emmet design their first turbines. 
Fused air circuit breakers are in serv- 
ice. A blast-furnace gas engine, be- 
lieved first in U.S., is installed at 
Pennsylvania Steel Company. 

The first escalator is exhibited in 
Paris. Methods of bonding silicon- 
carbide for refractory purposes are 
patented. Professor C F Marvin de- 
vises “Psychrometric Tables for Ob- 
taining the Vapor Pressure, Relative 
Humidity and Temperature and the 
Dew Point of Air.” Heat is commer- 
cially applied as an aid in water soft- 
ening. 


1901 


A line of oil circuit breakers is 
introduced; Peter Cooper Hewitt 
invents a mercury-vapor arc lamp. 
Flywheel insurance is offered. 


1902 


The mercury-are rectifier for con- 
verting ac into dc is invented by 
Hewitt. The gearless-traction elevator 
machine is brought out. An idea 
appears for an automatic steam-tur- 
bine governor. 

Willis H Carrier conceives an idea 
for the control of moisture in the air 
which later develops as the dew-point 
control for central-station spray-type 
air-conditioning systems. He also de- 
signs a fan-coil dehumidifying system 


for the Sackett-Wilhelms Lithograph- 
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ing Company in Brooklyn, New 
York. Alfred R Wolff designs fan- 
coil cooling and ventilating systems 
for the New York Stock Exchange 


and the Hanover National Bank. 


1903 

A 5,000-kw Curtis-type turbine is 
installed in the Fisk Street Station 
of the Commonwealth Edison Com- 
pany in Chicago, the first central sta- 
tion designed for turbine generators; 
the first multiple-range rotating- 
standard watthour meter is built. 
‘Taylor uses a series of inclined re- 
torts in an underfeed stoker. Maurice 
LeBlanc invents a refrigerating ma- 
chine that uses water vapor as the 
refrigerant. 


1904 


Non-aging silicon steel is used for 
transformer cores. Sir J A Fleming 
invents the two-element vacuum tube. 
The first successful rubber transmis- 
sion belt is introduced. The Ameri- 
can Society of Refrigerating Engi- 
neers is founded. Sectional cork 
covering for pipes and fittings is 
manufactured. 


1905 
F G Cottrell installs an electrically 
operated precipitator to check acid 
fumes. An individual steam-turbine- 
driven fan for furnishing forced 
draft to boiler furnaces is introduced. 
S W Cramer invents an automatic 
indicating and regulating hygrom- 
eter; Maurice LeBlanc invents a 
steam-ejector refrigerating appara- 
tus; Eastman Kodak Company in- 
stalls a direct-expansion ammonia 
refrigerating coil to dehumidify 15,- 
000 cfm of air. The first automatic 
scales for coal weighing appear about 
this time. 


1906 


Dr Lee DeForest announces his first 
three-element vacuum tube; the In- 
ternational Electrochemical Commis- 
sion holds its first meeting; the 
Illuminating Engineering Society is 
organized. Cramer introduces the 
term “air conditioning” as the con- 
trol of moisture in air; W H Carrier 
invents what becomes known as 
“Dew-Point Control.” 
(Continued on page 86) 


ENGINEERING... 


makes the difference 


Kuljian projects like these are engineered—and 
custom-built—with a practical knowledge of modern power 
development. They combine balanced design . . . 

selection of equipment properly arranged and assembled 

... and are pre-planned to assure maximum flexibility 

and capacity for meeting the heaviest load requirements. 

To owners of electric utilities or industrial power 

plants, Kuljian offers a wide range of power engineering 
services plus an experience record spanning 

twenty-seven years. 


Whether your project calls for engineering only . . . for 
construction only .. . or for the combined services 

of engineering and construction . . . Kuljian assures you 
of efficient and economical handling of any phase, 
from feasibility reports through initial operation. 


huljian Copovalion 


engineers - constructors 
1200 North Broad Street ¢ Philadelphia 21, Penna., U. S. A. 
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Contraflo tank for softening with lime 
and alum. Conveyor for chemicals, left 


v7 


A LARGE POWER PLANT IN NEW MEXICO 


(Water treatment units below) 


Twin zeolite softeners can be con- 
trolled easily by only one operator. 


WATER TREATMENT 


e AERATORS 


CHEMICAL MIXING EQUIPMENT 
CLARIFIERS 

DEALKALIZERS 

DEAERATING HEATERS 
DEMINERALIZERS 

FILTERS 

FLASH MIXERS 

FLOCCULATORS 
IRON-MANGANESE REMOVAL 


WATER SOFTENERS 
(Lime Soda-Zeolite) 


GENERAL FILTER COMPANY 


AMES, IOWA 


MILESTONES 


1907 


Single-case double-flow low-pressure 
turbine construction, and combina- 
tion impulse-reaction turbines are 
introduced. The Association of Iron 
and Steel Electrical Engineers, later 
known as the Association of Iron and 
Steel Engineers, is organized. Cot- 
trell files his patent for an electrical 
precipitator of smoke and _ dust. 
Wolff designs a year-round air-con- 
ditioning system for the Metropoli- 
tan Museum of Art in New York. 


1908 


Edison markets his improved “nickel- 
iron-alkaline” storage battery. A 
155-mile 100,000 - volt transmission 
line is installed from Las Plumas to 
Oakland, California, the first long- 
distance line of this voltage. Com- 
mercial designs for a uniflow engine 
are patented by Johann Stumpf. W 
H Carrier designs a year-round air- 
conditioning system for the Cellu- 
loid Corporation in Newark, New 
Jersey. 


1909 

Leo Hendrick Baekeland _ patents 
“New and Useful Improvements in 
Condensation Products and Methods 
of Making Same.” Bakelite is the 
direct result of this invention. The 
first successful uniflow engine built 
in the United States is placed in 
service in Wisconsin. 


1910 

At about this time, Thomson builds 
what is probably the first 2-pole self- 
starting synchronous motor in Amer- 
ica. 


1911 


W H Carrier presents “Rational Psy- 
chrometric Formulae” to the Ameri- 
can Society of Mechanical Engineers. 
The first Kingsbury thrust bearing is 
installed. extensive intercon- 
nected transmission system of steam 
and hydroelectric plants begins to 
develop in the South. Dr A J 
Buchi’s diesel turbocharging system 
is tested. 


1912 

The surface-type condenser, which 
provides distilled condensate for 
boiler feedwater, comes into use. Le- 
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Grand Skinner patents the perma- 
nently steam-tight expanding double- 
seat poppet steam valve. Cork com- 
position gaskets are developed. 


1913 

Viktor Kaplan brings forth the pro- 
peller-type wheel for high-speed low- 
head hydroelectric plants. LeBlanc’s 
steam-jet air pump for extracting air 
from condensers is introduced, 


1914 


Solid injection for diesel engines 
comes into use. Cross-compounding 
in steam-turbine systems appears. 
The first rotary-cup oil burner is 
built. Plastic refractory is  intro- 
duced. The first zeolite water soft- 
ener is installed in the United States. 


1915 


Ac generators are driven in parallel 
by diesels in a Paris, Texas, power 
plant. George S Claude obtains a 
U.S. patent on his neon tube. The 
feather valve is developed for com- 
pressors. 

The ASME officially adopts its 
“Rules for the Construction of Sta- 
tionary Boilers and for Allowable 
Working Pressures” after printing 
several preliminary editions of the 
code the previous year. 


1916 


The electric clock, operated by a self- 
starting synchronous motor, is de- 
veloped. The American fixed-blade 
propeller-type hydraulic turbine is 
coming into use in low-head plants. 


1917 


The first fully automatic hydroelec- 
tric station is installed in Iowa; au- 
tomatic starting for synchronous 
motors is invented. 


1918 


The power industry turns all its ef- 
forts to the support of war production 
and no significant pioneering work is 
undertaken. 


1919 


Synchronous motors with dynamic 
braking are developed; the American 
Electrical Standards Committee, later 
called the American Standards As- 


\ 
Where Temperature 
and Pressures 


.-.you need these packings! 


Style HP-RC—a wrapped asbestos 
cloth packing with a resilient rubber 
core. For use on steam hammers, ex- 
pansion joints, pumps and piston rods 
calling for high pressure steam, air 
and gases at temperatures to 600 
degrees 


Style HP-RB-for high pressure steam 
service up to 600 degrees F. Con- 
structed with a core of accordion- 
folded asbestos cloth and a resilient 
rubber back, around which is wrapped 
a closely woven asbestos cloth jacket. 


Style HP-2M — excels against severe 
temperatures and pressures. A braided 
asbestos packing reinforced with a 
monel wire insertion. For use on cen- 
trifugal and reciprocating pumps, 
valve stems, expansion joints, etc. 


Style No. 30 -a very dense braided 
asbestos packing, highly resistant to 
high pressures. For use against petro- 
leum products at high temperatures 
and pressures. 


Aquapak Hydraulic Packing 
—a semi-metallic packing designed to 
withstand severe hydraulic pressures. 
Will give satisfactory service on pres- 
sures as high as 10,000 pounds. For 
use against hot and cold water on cen- 
trifugal and reciprocating pumps, out- 
side packed boiler feed pumps and sim- 
ilar equipment. 


LLPA 


“The Packing that Packs All” 


SEND FOR OUR NEW CATALOG — TODAY! 


A complete line of packing, tools, gasket materials 


Distributors in principal cities 


THE ALLPAX COMPANY, INC. 


- 160 Jefferson Ave., Mamaroneck, N. Y. 
CANADIAN DISTRIBUTORS: Albion Asbestos Packings Ltd., Montreal 8, Quebec 
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you stop leakage, save space, and cut costs with Yeomans 
VERTICAL WET PIT PUMPS 


‘space 
saved 


stuffing 
box 


tee submerged 
impeller 


ELIMINATE LEAKAGE. Stuffing boxes SAVE FLOOR SPACE. They use less 
and seals are not under liquid pressure. than half the space required by hori- 
With the Yeomans Vertical Wet Pit zontal pumps. Also, no priming equip- 
Pump there are no costly, annoying, or mentis needed as with suction lift hori- 
dangerous liquid leaks, as with hori- zontals. Impellers are submerged in 
zontal pumps. the liquid ready for service. 


Pump for 
highly volatile 
liquids, one of 
Yeomans many 
specials. 


| 


Lubri-vac® keeps 
bearings washed in 
lubricant. 


CUT MAINTENANCE COSTS. With SPECIAL DESIGNS. 59 Years of expe- 
exclusive Lubri-vac® bearings are kept rience has enabled Yeomans to de- 
free of abrasive matter. Lubricant pres- velop many excellent special designs 
sure prevents fluids from working into for pumping “problem materials.” All 
bearings. Result: Bearing failures are pumps can be furnished with ferrous 
90% less than with conventional verti- and nonferrous ailoy parts as required. 
cal wet pit pumps. Capacity range from § to 10,000 g.p.m. 


of domestic and industrial wastes. 


: YEO M AN S sewage @ condensation return e water sup- 
ply and circulation e i t for treat t 


Yeomans, 2002-2 N. Ruby Street, Melrose Park, Illinois 


! 

| Please send me the 

catalogon Yeomans fame 

4 Heavy-Duty Vertical 

{ Wet Pit Pumps for... company. 
i 

i 


solids-free 
liquids street 


lids-bearin 
° city zone _state 


Cc * 88 


* 


Manufacturers ot: pumps for drainage « 


MILESTONES 


sociation, is organized. The first 
scale-shedding evaporator to be used 
in a central station is installed. It is 
also the first “high-heat-level” evap- 
orator plant in which the distilled 
vapor is used to preheat boiler feed. 

Engine breakdown insurance is 
made available for steam and inter- 
nal-combustion engines, reciprocat- 
ing pumps and compressors. The 
National Board of Boiler and Pres- 
sure Vessel Inspectors is formed to 
administer and enforce the ASME 
boiler code. 


1920 
The Lakeside Station in Milwaukee 
becomes the first large plant to use 
pulverized coal. A lightweight, over- 
head-suspended, downward-discharge 
unit heater is developed. 


1921 


W H Carrier develops a centrifugal 
refrigerating machine. 


1922 


The inert gas system for keeping oxy- 
gen and water from contacting trans- 
former oil is brought forward; elec- 
trical-machinery insurance is inaugu- 
rated; the first successful speed 
matcher and automatic synchronizer 
for ac machines is developed. 

A centralized combustion-contro] 
system is installed at the Sherman 
Creek Station in New York. A cen- 
trifugal-fan-type unit heater is intro- 
duced. Interest in reheat cycle is 
shown by several reheat turbine or- 
ders. 


1923 


The reactive kva (RI) meter is in- 
troduced; a device is put in service 
for recording amount of power being 
generated; the first commercial mer- 
cury-cycle turbine is installed in 
Hartford. An early adjustable hy- 
droelectric propeller turbine is used, 
but seasonal unwatering is necessary 
for making blade adjustments. The 
first diesel-electric locomotive is 
built. A metered combustion control 
is tried out. 

W H Carrier introduces the re- 
frigerant, dielene, which is suitable 
for centrifugal compression; a Cal- 
ifornia building becomes the first 
completely air-conditioned office 
building in the country. 
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1924 


Two manufacturers obtain rights 
from Max Shuler, of Switzerland, to 
build hydrogen-cooled dynamo-type 
machines; the principle of across- 
the-line pushbutton starting is ap- 
plied to induction motors. The mul- 
tiple V-belt drive is introduced. The 
first combustion-control system for 
pulverized - coal - fired boilers is in- 
stalled. Chlorination experiments are 
started at the Northwest Station of 
the Commonwealth Edison Company 
in Chicago to control organic slime 
in condenser circulating-water. J L 
Hudson in Detroit becomes the first 
air-conditioned department store. 


1925 


Synchronous motors are built for 
centrifugal pumps and fans with full 
load pull-in torque; the first genera 
tor fire-extinguisher system using 
COz is installed. The drying agent. 
silica gel, is applied to air-condition 
ing systems for the first time. 


1926 

The Electric Power Club and the As- 
sociated Manufacturers of Electrica! 
Supplies merge to form the National 
Electrical Manufacturers Association. 
The Patterson Building in Fresno 
becomes the first air-conditionec 
multi-story office building; W H Car- 
rier introduces the refrigerant Car 
rene 1; H E Thompson invents a 
thermostatic expansion valve. 


1927 


An electronic synchronizer for ac 
machines is developed; the first de- 
ion circuit breaker is placed in oper- 
ation; pushbutton starting for syn- 
chronous motors is patented; pro- 
duction of totally-enclosed fan-cooled 
motors is begun. A centrifugal fly- 
ash dust collector is marketed in the 
United States. The first diesel pow 
ered tractor is built. 


1928 


Part-winding starting for ac motors 
is invented; hydrogen cooling is ap- 
plied to synchronous condensers of 
the New England Power Company; 
research is begun which leads to the 
use of cold-worked alloy-copper for 
generator-rotor windings. The Kap- 


To watch a melt...or roast a chemical 


If you have a job that glass should do, but 
no ordinary glass is tough enough, it’s proba- 
bly a job for a Vycor brand glass. 

With seething molten metal on the other 
side of your sight glass, boiling acids, or in- 
flammable oil . .. where your firing operations 
include extreme temperatures up to 1100° C. 

. or extremely high dielectric strength .. . 
you want Vycor brand glass. 

There are 7 Vycor brand glasses with a 
wide range of unusual properties. All are 
96% silica. 

Glass 7900 is the basic Vycor glass and 
can be used at continuous operating tempera- 
tures of 900° C. Glass 7910 gives ultraviolet 
transmittance at 254 millimicrons and is used 
in germicidal lamp applications. Glass 7911 


has high electrical resistivity and low power 
loss. Glass 7912 has high ultraviolet trans- 
mittance to below 185 millimicrons. Glass 
7913 has the greatest heat resistance of all, 
permitting intermittent use at temperatures 
as high as 1100° C. Glass 7930 is the porous 
form known as thirsty glass. Glass 7950 is 
red-stained to absorb visible light while trans- 
mitting infrared. 


Wondering where you can 
use this remarkable glass? 


“VYCOR brand industrial Glass- 
ware by Corning” . . . contains 
charts, tables, and complete in- 
formation about these unique 
glasses, and suggests many ap- 
plications. 


¥ CORNING GLASS WORKS 


100-9 CRYSTAL STREET, CORNING, N. Y. 


Steam or mechanical atomizing...1 to 1000 gallons per hour 


Designed for operation with either gas, 
oil or both with natural or forced draft. 
They can be depended on for maximum 
combustion efficiency. 


ENCO Interchangeable Oil-Burners can 
be changed instantly to operate by 
either steam or mechanical pressure 
atomizing over a wide capacity range. 


ENCO Oil Atomizers are applied to 


various types of standard pulverized- 
coal and gas-burner units cold starting 
or for full load operation when coal or 
gas is not available, or when oil is the 
more economical fuel. 

Send for Bulletin OB-53 describing 
ENCO Gas and Oil Burners, also com- 
plete Pumping and Heating Units. 


Ec 500 


THE ENGINEER COMPANY, 75 West Street, New York 6,N. Y- 
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eo for straight right-angle 


cuts every time...the new 


fast true pipe cuts 
on your power drive 


Rolls are twice the usual width, 
double the bearing surface on 
pipe—sure straight start 

of cut ... by hand or power 
drive—extra fast and easy. 
Pays you to see it before you 
buy your next cutter— 

at your Supply House. 


No. 201, Ve" to 1%” 
No. 202, 4” to 2” 


The Ridge Tool Company 


, Elyria, Ohio, U.S.A. 
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lan turbine for hydroelectric plants 
is introduced in the United States. 


1929 


Metalclad switchgear is produced. 
The first all-welded condenser is 
placed in service, and construction is 
begun on all-welded casings for steam 
turbines. Vertical single-stage propel- 
ler pumps are introduced for pump- 
ing condenser circulating water; the 
superimposed, or steeple-compound, 
turbine makes its bow as a contem- 
porary of the high-pressure boiler. 


1930 


The first hydrogen-cooled generator 
is operated; the ignitron is invented; 
research is begun that eventually 
leads to the development of a grain- 
oriented silicon-iron alloy for trans- 
former cores. 

Dr Georges Claude operates an ex- 
perimental plant that utilizes differ- 
ence in sea-water temperature, be- 
tween surface and lower depths, to 
generate power. The development of 
the refrigerant “Freon-12” is an- 
nounced. 


1931 


Explosion-proof motors with Under- 
writers’ approval are announced. The 
first commercially successful diesel 
engine designed specifically for use 
’ in a crawler tractor is manufactured. 
British engineers adapt the axial-flow 
fan to ventilating; for the first time 
in this country, a_reversed-refriger- 
ating system is used to heat a large 


office building. 
1932 


A fire-resistant substitute for oil in 
transformers is introduced; a con- 
stant-speed motor combined with a 
variable-speed transmission in an en- 
closed unit is brought out; bus duct 
is introduced for supplying flexible 
power distribution in production 
plants. 

Fluid drive is brought to the United 
States. Hydroelectric developments 
include an experimental model of a 
pump-turbine for use in pumped-stor- 
age plants, an adjustable-blade tur- 
bine with fixed gates, and a propeller- 
type turbine in which the gates adjust 
automatically to the most efficient 


angle for any head and load. C M 
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Ashley invents an air-conditioning 
system in which steam is used for 
heating and cooling in a steam-ejector 
system. The first Velox boiler is put 
into operation. 


1933 


The first sodium-vapor lamps are in- 
stalled on a road near Schenectady; 
the National Electric Light Associa- 
tion changes its name to the Edison 
Electric Institute; the high-intensity 
mercury-vapor lamp appears. 

Ashley invents an evaporative con- 
denser of the disk-fan-type; W H 
Carrier introduces Carrene 2. 

In Schenectady, the first power 
plant to have been originally de- 
signed for mercury turbines is 
opened. This plant also pioneers out- 
door construction. 


1934 


An exhaust turbocharger is applied 
to a U.S. diesel engine and the unit 
later goes into submarine service. 


1935 


Detergent lubricants are made avail- 
able. The first packaged boiler is 


announced. 


1936 


Air-cooled transformers with _fire- 
proof insulation are introduced; elec- 
troluminescence is discovered. Glass 
fibers are produced that are sufficient- 
ly fine and pliable to be woven into 
tapes for use as insulators in heavy- 
duty electrical equipment. The neu- 
tralizing amine process for corrosion 
prevention in steam systems is pat- 
ented. A centrifugal compressor is 
used with ammonia as refrigerant; an 
odor-removing apparatus is invented 
that employs activated carbon. 

The first successful large gas-tur- 
bine set in the United States is in- 
stalled at the Marcus Hook, Pa. re- 
finery of the Sun Oil Company as 
part of a Houdry catalytic cracking 
unit. A gas-burning diesel, in which 
high-pressure gas is injected near the 
end of the compression stroke, is in- 
stalled at the municipal power plant 
in Lubbock, Texas. 


1937 


A direct-acting generator-voltage reg- 
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= Jamproof 65R 


Now Guarantees 
Straight Threads Every Time 


Revolutionary new 
TC (Trve-Centering) Workholder 
centers all pipe, even over or under size 


No more crooked threads! 65R pre-sets to size by 
turn of TC workholder gauge ring—tightens by 
palm-of-hand push on forged cam lever. All 3 jaws 
close together on pipe by one mechanical action. 
Straight threads, drip threads if desired, jamproof, 1’’ to 2” 
with 1 set of dies, fast size change—only 65R offers you 
so much for your money. Buy it at your Supply House. 


P. 4 The new TC workholder fits your present 65R! 


, Ohio, U.S. A. 


The Ridge Tool Company, Elyria 
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Pump maintenance more important than ever. 


Today good pumps are made of materials suited to their jobs. Many, 
with fluid ends of new, longer-lived alloys, are built to resist corrosion 
and abrasion longer—much longer. They probably represent more 
investment per pump. But they'll pay off. All they need is better mechani- 
cal attention to match their longer life. 


Good way to keep your pumps running longer. 


Use a set of these Goulds Pump Maintenance Record Cards. They make 
it easy for you to set up regular lubrication-inspection schedules; help 
you plan pump repairs during normal plant shutdowns; give you an 
accurate “history” on each pump, as a guide to the best materials of 
construction for your pumping conditions. 
Get your Pump Maintenance Record Cards, free, from your Goulds 
representative, or write direct. 


GOULDS PUMPS, INC. 


BRANCHES 

ATLANTA, 15 Peachtree Place, N.W. 

BOSTON, Room 314, 1330 Beacon St. 
Brookline, Mass. 

CHICAGO, 53 West Jackson Blvd. 

HOUSTON, 2314 Main Street 


PUMPS FOR INDUSTRY 


West Coast Representative: GOULDS PUMPS Western, Inc., 1919 N.W. Thurman St., Portland 9, Oregon 
in Canada: The A. R. Williams Machinery Co., Ltd... .in all principal cities 


Seneca Falls, N. Y., Main Office and Works 1943 


MILESTONES 


ulator is introduced; the first remote 
manual control subpanel is installed 
for the Commonwealth Edison Com- 
pany; 3,600 - rpm hydrogen - cooled 
generators start coming into general 
use. Gulf States Utilities puts car- 
bonaceous zeolite in an existing unit 
which thus becomes the first cation 
exchanger to be commercially regen- 
erated with sulfuric acid. Air-condi- 
tioning systems utilizing high-pres- 
sure supply air and a secondary in- 
duced-air flow are introduced. First 
industrial atom smasher is built. 


1938 


Fluorescent lamps are introduced in 
the United States. 


1939 


A standby gas turbine is placed in 
operation in Neuchatel, Switzerland. 
A 2,000-kw closed-cycle aerodynamic- 
turbine power plant is operated in 
Zurich. A heat pump is invented 
which utilizes a centrifugal refrigerat- 
ing machine. 


1940 
An adjustable-speed magnetic drive 
is developed. The key isotope of 
uranium, U-235 is isolated, first by 
Professor Nier at the University of 
Minnesota, and, two weeks later, by 
scientists at the General Electric Re- 
search Laboratory. 


1941 
The reboiling spray deaerator is de- 
veloped. A 1000-kw experimental 
wind-turbine plant is constructed on 
Grandpa's Knob, in Vermont. 


1942 
The first controlled nuclear chain re- 
action is produced in a uranium- 
graphite pile at Stagg Field, Univer- 
sity of Chicago. 


The “triple-rated” transformer, utiliz- 
ing self-cooling, forced air cooling 
and forced oil cooling, is brought out. 


NEW YORK CITY, Room 1503, 11 Park Place A batch purifier for oil using contact 


PHILADELPHIA, 2099 North 63rd Street Te: iza- 
PITTSBURGH, Room 512 purification and vacuum vaporiza 
Bessemer Bldg., 104—6th Street tion is developed. The first all-welded 
TULSA, 543 East Apache Street, 
P. 0. Box 6157 spiral casings are used in the Ship- 


shaw hydroelectric plant. 
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1944 


A dual-fuel engine is demonstrated 
in the United States. An experimen- 
tal gas turbine to operate at tempera- 
tures up to 1500 F, at which it is to 
develop 3500-hp, is installed at the 
U.S. Naval Engineering Experiment 
Station, Annapolis, Maryland. 


1945 


Supercharging is applied to the dual- 
fuel engine. 


1946 


The first American supercharged in- 
tercooled diesel for commercial sta- 
tionary use is installed in a Wiscon- 
sin power plant. A A Berestneff in- 
vents a method of applying absorp- 
tion refrigeration to large-capacity 
machines, using water as refrigerant. 


1947 


An experimental television set is in- 
stalled in Ohio Power Company’s 
Tidd Plant at Brilliant, Ohio for mon- 
itoring the steam-drum_ water-glass 
indication. 


1948 


A condenser-type steam purifier is 
developed that employs condensate 
as a cleaning medium. 


1949 
A hot process 2-stage water softener 
is developed in which lime treatment 
is followed by zeolite. The first gas 
turbine to produce power commer- 
cially in the U.S. is operated at Belle 
Isle station of Oklahoma Gas and 
Electric Co. 


Perpetual motion 


A news item in Power, November 
1888, indicates that crank inventors 
have always been with us: “We were 
recently informed that a Kansas City 
man after laboring 20 years has com- 
pleted a compound engine furnishing 
its own motive power. As no par- 
ticular commotion has developed in 
Missouri up-to-date, we are forced to 
conclude that the self-sustaining mo- 
tor did not ‘mote.’” 
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AIR CONDITIONIN 
PRECISE 


Bulletins describe meth- 
ods of obtaining precise 
control of temperature 
and moisture to help you 
make your product in any 
climate at any season. Illus- 
trated with diagrams and 
photographs. 


BULLETIN No. 122 
BULLETIN No. 112 
BULLETIN No. 133 


HIGH PRESSURE STEAM HEATING 


NIAGARA METHE 


LIQUID COOLING 


NIAGARA OLER 


NIAGARA BLOWER 


Bulletin describes method 
completely utilizing both 
the sensible and latent heat 
of high pressure steam. 
Trustworthy, long lived 
equipment for heating or 
process. 


BULLETIN No. 109 


Bulletins describe Niagara 
“No-Frost’’ method; pro- 
duction of extreme low 
temperature for industrial 
uses or food freezing, pre- 
cooling and storage. 


BULLETIN No. 95 
BULLETIN No. 105 


Cooling for chilled water 
or solutions, with elimina- 
tion of freeze-up danger, 
with rapid chilling of large 
fluid volume and close 
temperature control. 


BULLETIN No. 104 


Bulletin describes blowers 
in two series up to 4” static 
pressure. Available in one, 
two and three*fan assem- 
blies. Applicable to venti- 
lating, drying, air condi- 
tioning. 


BULLETIN No. 89 


NIAGARA 


AIR EQUIPMENT 


DRYING AND DEHUMIDIFYING 


Bulletins illustrate air con- 
ditioning cabinet and dry- 
ing installations including 
siccative coatings, paper, 
plastics, provisions, con- 
fectionery, pharmaceuti- 
cals, metallurgical uses, 


BULLETIN No. 88 
BULLETIN No. 112 


AERO AFTER COOLER 


Describing equipment for 
cooling compressed air or 
gases, holding tempera- 
tures below ambient at- 
mospheric to prevent con- 
densation of moisture. 
Includes application to 
air liquefaction systems, 


BULLETIN No, 130 


REFRIGERANT CONDENSING 


Bulletins describe evapo- 
rative refrigerant conden- 
sers providing protection 
against scaling of tubes, 
controlling of compressor 
head pressures, saving 
condenser water. 


«NIAGARA £29.79" 


BULLETIN No. 111 
BULLETIN No. 123 
BULLETIN No. 133° 


VAPOR CONDENSING 


NIAGARA Aero 
VAPOR CONDENSER 


Providing high vacuum, 
independent of a large 
supply of cooling water. 
Solves the problems of 
water supply and disposal. 
Fully automatic. Saves 
power. Saves steam. 


BULLETIN No. 129-R 


AERO HEAT EXCHANGER 


Bulletins describe evapo- 
rative cooling apparatus 
that keeps control of tem- 
perature within two de- 
grees by modulating the 
flow of air. Saves 95% of 
cooling water. Provides 
heat when needed. 


BULLETIN No. 120 


BULLETIN No. 124 
BULLETIN No. 132 


For further information write Dept. P-9 


‘405 Lexington Avenue 
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COMPANY 
New York 17, N. Y. 
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NIAGARA MOTOR 
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Delivered “READY-TO-OPERATE” From Coast To Coast 


Requires Small Space... Portable... 


Bigelow’s latest “one-piece” answer 
to a wide range of steam problems 
has already proven successful in in- 
stallations from Maine to Cali- 
fornia. This water-tube “packaged” 
boiler includes burner, eared 
draft fan, feed water regulator, soot 
blower, valves, refractory, insula- 
tion, controls and accessory equ 
ment. It is shipped 
to operate as soon as service con- 
nections are made. 


Advantages 
Cuts Installation Costs and Time... 


Simple To Operate... Fast Steaming 
With Safety, Efficiency and Economy 
...Low Maintenance... Handles 
Quick Load Changes Easily and Effi- 
ciently... Wide 
Range Of Service... 
Burns Oil or Gas. 


Available in stand- 
ard sizes for capaci- 
ties ranging from 
8,000 to 45,000 lbs. of 
steam per br. Write 
for this new, complete 
illustrated catalog. 


Ph ladelphia Syracuse * Detroit * Washington, 


San 


Francisco * Atlanta * Los Angeles * Milwaukee * New. 


s * Petersburg, Va. * Seattle * Indianapolis * Kansas City, 


Tulsa Salisbury, Md. 


Greensboro, Ne 
Cleveland * Cincinnati 
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Setting Power’s policy 


In the early 1800’s, American indus- 
try stretched its muscles and found 
its voice in the technical press. It 
was a lusty hustling world, full of 
new ideas—anxious to hear them put 
into words. The medium it chose to 
express them—the business papers— 
had everything to learn at once, and 
a bad example at hand. 

The baby business press began to 
take its first steps in the heyday of 
yellow journalism, when respect for 
abstract truth in the news gave way 
to a quest for the gee-whiz emotion 
at any price, and business ethics gave 
way to greed, as publishers and ad- 
vertisers discovered the mutual ad- 
vantages of a marriage for money. 

And yet, as sometimes happens, 
this child of raffish parents managed 
to steer a sane course to become a 
solid contributing citizen—profiting 
by the experience of its elders and 
avoiding their mistakes. 


* * * 


When it came to a choice of style, 
technical editors couldn’t go far 
wrong following the advice of the 
yellows: “Tell it to Cohen and Kelly. 
The Stuyvesants will understand.” 
The art of plain speaking put the 
popular press on its feet. Its crusades 
for progress kept it there. 

Business paper editors adapted 
these principles to their own col- 
umns, bypassing the sensationalism 
that cheapened the yellows. The re- 
sult: a series of papers advancing 
the case for industrial progress ar- 
ticulately and vigorously. Typical of 
the new journalism is this outspoken 
editorial in Power, November 1889: 


Doing without electricity 


New York has been through a 
queer experience during the past 
month. Two linesmen, within two 
days, were killed by shocks from 
high-tension wires. The circum- 
stances of the last death were such 
as to attract, in an unusual de- 
gree, the public attention. The 
daily press taking the cue, devoted 
column upon column to the pub- 
lication of the tragedy in all its 
harrowing details, and frantic ap- 
peals that the “deadly wire” be 
abolished. With a mayor who has 
devoted a large portion of his offi- 
cial effort to harassing the electri- 
cal companies, it did not take long, 
in such a popular clamor, to bring 
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about a state of affairs where the 
electrical companies were obliged 
to shut down and await develop- 
ments; and for a number of nights 
the streets which are wont to be as 
bright as day by means of the arc 
light were almost in total dark- 
ness. 

The occurrences of that period 
illustrate to what an extent we 
have come to be dependent upon 
electricity for the preservation of 
the public safety and order in our 
streets at night. Within the few 
nights that the streets were de- 
prived of this means of illumina- 
tion, there were four or five peo- 
ple sandbagged, two people shot 
in the streets, four highway rob- 
beries, a man run over on Tenth 
Avenue because it was so dark the 
driver did not see him, a number 
of cases where foot passengers 
were chased by suspicious charac- 
ters, numerous women accosted, 
and the streets made actually dan- 
gerous for travel. Although the 
good that has been accomplished 
by the electric light in this direc- 
tion has been frequently alluded 
to, it is probable that the New 
York public have never before 
thoroughly realized the truth of 
the fact that one arc light is worth 
a dozen policemen in the preven- 
tion of deeds of darkness. 

One of the city papers in its 
warmth advised that, until the use 
of electricity be made “safe,” we 
return to lamps and gas, which, 
though not so brilliant nor con- 
venient, do not carry a lightning 
stroke with them. But yet within 
two weeks there have been six 
persons suffocated by accidental 
escape of gas in N. Y. City alone. 
Nobody says anything about shut- 
ting down the gas works. 

Boiler explosions ocour on an 
average of nearly one a day, and 
more lives have been lost in a 
single explosion than can be laid 
to the high-tension electrical cur- 
rents since their introduction; but 
yet the press and the people do 
not think enough of this method of 
extermination even to pass laws 
requiring competent engineers in 
charge. Nobody thinks of tearing 
up the railroad tracks when a col- 
lision occurs or of scuttling the 
merchant marine because of an 
occasional disaster. 

We consider that this far-fetched 


4 
1958 Will Mark The 
4 
125th Anniversary of BIGELOW 
 B 
During that century and one quar- 
ter, Bigelow’s reputation has been 
“written in steam by thousands of ‘ 
successful, efficient and long-lived 
oiler installations all over the 
aye 
world. 
What This Means To You 
ey i ket for a 
n the market 
When you are 
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new boiler, you can take advantage 
of the experience and progress in 
design, construction and inspection 
embodied in Boilers by Bigelow. 


Write for free catalogs on any of 
the units listed. 
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VALVES THAT SAVE MONEY 


UNI-LINE| | 


41-W-200 SERIES 


HERE’S WHY ... @ a Much Higher capacity per size, than any other valve 
@ a free-acting, self-aligning disc @ a ‘‘floating’’ guide (readily adjustable 
for control)...assists in opening and closing action, as well as affording 
an additional self-aligning feature @ a Disc and Dise holder of forged 
copper alloy, not castings. 


Briefly, these ‘‘features” offer the following advantages: Re- 
duction in size of boiler opening required to mount valve, due to 
larger capacity from small valve sizes—and thus reduced cost of 
discharge piping. Reduction in boiler head-room. Reduction in 
shipping charges (less weight). Easier and more positive opera- 
tions. Easy replacement or re-conditioning of working parts 
(low maintenance). 

Available in sizes from 114" through 6’’, Lonergan UNI-LINE 
Valves are V & W National Board approved design . . . product 
engineered for economy. (A leading boiler manufacturer, name 
available, has tested, approved and highly appraised all claims.) 
Write for new descriptive literature. 


Lonergan 


ESTABLISHED 1872 


J. E. LONERGAN COMPANY | 


2ND & RACE STREETS 
PHILADELPHIA 6, PA, 
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POLICY 


abuse of the electrical companies 
has gone far enough and that it is 
time for people to recognize that 
the men who are at the head of 
this new industry are not plotting 
to see how many men they can 
kill, nor even how many risks they 
can take without inciting a riot, 
but are endeavoring to do a legiti- 
mate business which is closely al- 
lied with the public safety and 
convenience, in such a way that 
the unavoidable hazards connected 
therewith shall be kept within the 
narrowest possible limits of actual 
harm, and that perhaps they would 
be more successful in their efforts 
to prevent disaster if they were not 
subject to the arbitrary and often 
senseless interference of the Board 
of Electrical Control. 


* * * 


Having found what they wanted to 
say and a way to say it, the technical 
papers turned their attention to the 
question of finances and business 
ethics. The yellows knew plenty 
about the first, almost nothing about 
the second. 

As newspaper circulation began to 
fatten in the 1800’s, businessmen dis- 
covered a way to make it pay. They 
found that an ad, surrounded by edi- 
torial matter, had ten times the effec- 
tiveness of a circular or billboard. 
Customers were pouring into the 
stores in search of “today’s special.” 

At the same time, publishers dis- 
covered that they needed advertising 
revenue to keep their papers alive. 
Neither subscriptions nor street sales 
yielded enough to pay the huge costs 
of a metropolitan mass-circulation 
daily. 

This mutual discovery set news 
writing back several years. At the 
first whiff of money, publishers de- 
serted ethical practice as if it were 
a sinking ship. There were publish- 
ers who insisted on a strict dividing 
line between business and editorial 
offices, but they stood out as eccen- 
trics. News columns became plums 
for powerful or prospective adver- 
tisers, and a threat to smaller busi- 
nessmen who couldn’t afford ads but 
could afford still less the scandal that 
would follow a refusal to buy. 

So while the business press inher- 
ited a public pre-educated to the idea 
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of press advertising, it found itself 
faced with the problem of convincing 
the cynical and the gun-shy of its 
intention to do business honorably. 

Power served notice that its edi- 
torial space was not for sale, in the 
February issue of 1885. This tells 
the story: 


Boiler Compounds 


We frequently have communica- 
tions asking for advice concerning 
compounds for removing and pre- 
venting scales in boilers; and we 
now have two from manufacturers 
or dealers therein, concerning their 
compounds, but not containing 
such matter as we would care to 
print in any but a purely advertis- 
ing sheet—which this journal is 
not, by several per cent. 

To each of these dealers we say 
in a friendly way, in their interests 
and those of our readers, about 
the same thing: 

We think that if you will look 
over your press copy, you will find 
that our readers, who have always 
been scrupulously guarded from 
advertising editorials and commu- 
nications, would resent our giving 
the communication as sent, as it is 
purely commercial and not in the 
least technical nor instructive. It 
might answer for some of the so- 
called trade papers, which trade 
their editorials for cash; but we 
have contracted to give facts, fig- 
ures, reasons, results, useful data, 
details, and all that class of matter 
which interests and profits the 
reader. If by doing this we can 
benefit our friends in a business 
way, we are most happy; but there 
must be at least a cord of technical 
woodpile per nigger of business 
recommendation. 

Suppose now you let us know 
what are the active constituents of 
your compound; how you came to 
find out about it; how it acts upon 
each kind of bad water on which 
it has been used; as, for instance, 
water containing carbonate of 
lime, sulphate of lime, carbonate 
of magnesia, silica, iron, salt, sul- 
phuric acid, etc. 

We hardly think it possible that 
any one scale preventive will an- 
swer in all grades of water, salt 
acid or alkaline. Our own experi- 
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Program Control Panel used at Delaware Station, Philadelphia 
Electric Co. to automatically start and stop their W&T Slime 
Chlorination System. 


HOW CHLORINATION 
controls slime in power generating plants 


The Philadelphia Electric Co. has W&T chlorination equipment 
installed in their steam-electric generating stations to prevent slimes 
from fouling the turbine condensers and lowering the efficiency of 
the units. Maintaining cooling efficiency saves enough fuel to more 
than pay for the treatment. 


Chlorination is controlled from a W&T Program Control Panel 
like the one pictured. Operators preselect chlorine dosage and treat- 
ment times. Chlorination is started and stopped automatically in 
accordance with the preselected schedule. The result is positive slime 
control without requiring personnel to supervise each treatment and 
without the expense of chlorinating continuously. 


For information about W&T Slime Control Systems write for 
Bulletin CD-42. 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET, BELLEVILLE 9, NEW JERSEY 


HOW TO DETECT 
3 PARTS CHLORINE 
IN A MILLION PARTS AIR 


New W&T Solvay Chlorine Detector* 


detects as little as 3 p.p.m. 
chlorine in a continuous air-stream 
sample. Automatically sets off 
alarm at higher concentrations. 


Write for Publication 50.118 


WALLACE & TIERNAN 


INCORPORATED 
25 MAIN ST., BELLEVILLE 9, N. J. 


*Manufactured under patent license from Solvay Process Div., Allied Chemical & Dye Corp. 
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ence with many kinds of waters all 
over the Eastern part of this coun- 
try and the Western side of Eu- 
rope, and with dozens of sub- 
stances used as scale removers and 
scale preventers, is directly to the 
contrary; but we are always open 
to the logic of facts — complete, 
and logically presented. 


POWER PLANT 
SPECIALTIES 


found in leading power and 
processing plants 


* * * 


Having set its advertisers straight, 
PowER turned its attention to the 
black sheep within its own fold: 4 Q 


SEQUENTIAL 
ANNUNCIATORS 


WC TM 


Seam sequential annunciator systems 
provide an audible and flashing visual 
signal on the first alarm to enable the 
operator of your control board to de- 
termine which point in the monitored 
process first becomes abnormal . . . 
successive alarms that develop from 
the original abnormal condition are in- 
dicated by a steady visual signal. You 
can take proper corrective measures 
immediately because you know where 
the trouble started. 


Shown here is a typical standardized 
Scam DE-LINE cabinet with integral 
flasher and reset pushbutton, featuring 
all the Scam advantages including sim- 
ple, compact plug-in design. 


If you’ve a process or system that needs 
automatic, fail-safe, low cost monitor- 
ing write us for literature or call the 
nearest representative in the cities 
listed below. 


INSTRUMENT CORP. 


Chicago 13, Illinois 
Phone GRaceland 7-7850 
SALES REPRESENTATIVES 


Atlenta ¢ Boston ¢ Buffalo ¢ Chicago 
Cincinnati ¢ Cleveland ¢ Dallas ¢ Denver 
Detroit « H © Indi polis ¢ Kansas City 
los Angeles ¢ Lovisville Minneapolis 
New Haven ¢ New York ¢ Philadelphia 
Phoenix ¢ Pittsburgh Portland St. Louis 
San Francisco Seattle Tulsa Toronto 
ond Vancouver, Canada 


It is time that somebody called a 
halt on the genteel pickpocket who 
blackmails his victim under the 
guise of a high-principle publisher. 
We have a sort of sickly contempt 
for those publishers whose esti- 
mate of the importance or desira- 
bility of an improvement or ap- 
pliance is in direct proportion to 
the amount of advertising patron- 
age they receive from its projec- 
tors. But what shall be said of the 
publisher who chases and hounds 
a victim until it becomes cheaper 
to pay him his yearly pittance in 
the form of an advertising con- 
tract than to stand his abuse? .. . 

This is no fancy sketch. Recent 
specific and present obvious in- 
stances of it can be readily cited. 
Advertisers know it to their cost, 
and thousands of dollars are an- 
nually paid, ostensibly for space 
in worthless journals, really to 
avoid the enmity of their black- 
mailing publishers. Honest pub- 
lishers know it to their sorrow, for 
it is a disgrace to technical jour- 
nalism, and reacts upon the whole 
profession. Advertisers should ap- 
preciate the fact that the com- 
mendation or condemnation of 
such a journal is alike without 
influence and that in becoming the 
victims of such schemes they sim- 
ply encourage a nuisance which 
would otherwise die from lack of 
sustenance and supply it with the 
sinews of war with which to con- 
tinue its policy of levying tribute 
upon them and other unfortunate, 
but shortsighted victims. 


* * * 


Now Power is celebrating its 75th 


year, Its birth was very nearly syn- 
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Maintain boiler water 
concentration with a 
continuous automatic 
blowdown — no heot 
loss — for any size 
boiler. 


HENSZEY 
“HOT” FLUID 
METER 


Light — simple — ac- 
curate — excellent for 
contaminated ‘‘hard to 
measure'’ liquids. 


HENSZEY 
FLOW 
INDICATOR 


Gives accurate rate of 
flow for hot or con- 
taminated liquids; sim- 
ple to maintain. 


HENSZEY 
BOILER FEED 
REGULATOR 


Self contained — con- 
trolled boiler water 
level at all loads; no 
pump surge slugging 
of boiler. 


HENSZEY 
FLASH 
TANK 


Clean process steam at 
no cost — with your 
continuous blowdown 
system. 


HENSZEY 
HEAT 
EXCHANGER 


Engineered and con- 
structed to meet your 
design specifications; 
guoranteed efficient 
and profitable heat 
recovery. 


Representatives from 
coast to coast. 


HENSZEY COMPANY 


DEPT. D ®© WATERTOWN, WISCONSIN 
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onomous with the birth of technical 
journalism, so that in the history of 
one lies the story of the other. 

One man, James H McGraw, Sr, 
has put his stamp on both. 

For a finer understanding of the 
era in which Power grew up and the 
policies which shaped its past and 
are molding its future, we can find 
no better source than Mr McGraw’s 
words, spoken at a dinner celebrat- 
ing his fiftieth anniversary in the 
publishing field: 


Businesspapers, so far as I know, 
were the first group to voluntarily 
set up a code of fair practice. 
While these standards may not be 
as high as some of us would have 
liked to have made them, it should 
be remembered that when they 
were formulated it was a remark- 
able achievement to have set up 
any yardstick by which to meas- 
ure the standards of an industry. 
The mere setting up of standards 
did not, of course, ‘make saints 
out of sinners’ over night, and 
never will, but the constant empha- 
sis on right and wrong methods . a. 

of publishing has raised the level 
of the business press immeasur- ; : 

ably and today have publica- 15,000 YEARS OF 
tions that we are all proud of. We ‘ 


recognize that we still have a long RELIABILITY 


way to go to reach our ideals, 

I suppose that first and foremost 
we are all of us looking for profits 
in our business and most Ameri- 
cans regard profits as the measure 
of success, but it seems to me 
that back of the money success 
there must have been something 
else in our business, and some- 
thing more than money-making 
must be our objective, if these 
papers of ours are to continue to 
hold and expand the influence that 
they have had on American in- 
dustry. We must make our papers 
not only so useful and informa- 
tive, but so attractive and readable 
that it is not merely a duty, but a 
pleasure to the average business 
man to read the papers that we 
prepare for him with so much Founded 
care and labor. But the mere 
presentation of business material in a : 
that is ‘worth printing’ is not STOKER COMPANY. 
enough. Other competitors for our 1904 “ = 


readers’ interest can present read- 4440 HUNT AVE. « ST. LOUIS 10, MO 
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READ PAGE 16 


Write for illustrated Airetool Bul- 
letin No. 60, showing complete line 


AIRETOOL 


RESULTS 


... results you can measure in lower operating costs, reduced 
down-time, greater efficiency and higher production. Plant 
engineers and maintenance chiefs the nation over know that 
installation, repair, removal and replacement of tubular 
equipment is completed faster, easier and at far less cost 
with Airetool Tube Maintenance Equipment. They know 
that Airetool Equipment handles easy, is rugged, packs 
plenty of power and speed, won’t break down during use. 
There’s no doubt about it . . . insist on AIRETOOL Equip- 
ment for your tube maintenance program. See your nearest 
Airetool Representative today ... or write AIRETOOL 
MANUFACTURING COMPANY, Springfield, Ohio, for 


free illustrated literature and information. 


CONDENSER CLEANERS 
Outside mounted, direct or gear driven. 
Powerful, fast, lightweight (11 lbs.). 
Cleans lightly scaled or completely 
plugged tubes to 1”. Built in flushing 
system cools drill, removes chips. 


CLEANERS 

Rugged, fast cutting, quickly and thoroughly removes hardest 
scale and deposit. Air driven motors in wide range of sizes and 
speeds. Wide variety of cleaner heads available (P-type shown). 


CONDENSER TUBE EXPANDERS 
Parallel rolling—self feeding — 
Airetool Tube Expanders roll right, 
accurate tube joints with maximum 
bond, uniform expansion and tightness 


INTERNAL TUBE CUTTER 
New ... removes leaky or damaged tubes in 
aa | minutes. Cuts steel or non-ferrous tube sheets 

\ 1” to 4” thick. Air or electric driven motor. 


AIRETOOL 


MANUFACTURING COMPANY 


SPRINGFIELD, OHIO 


BRANCH OFFICES: New York, Chicago, Tulsa, Philadelphia, 
Houston, Baton Rouge 


of Airetool Tube Maintenance equip- REPRESENTATIVES in principal cities of U.S.A., Canada, 
ment plus Airetool Specialty tools Mexico, South America, England, Europe, Puerto Rico, 
... Airetool’s new, light-weight, Japan, Hawaii. 

air-motor grinders ... and Airetool's EUROPEAN PLANT: Viaardingen, The Netherlands 
Automatic Expansion Control System. CANADIAN PLANT: 37 Spalding Drive, Brantford, Ontario, 
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POLICY 


able material, too. It seems to me 
that we, better than anyone else, 
know how and where to find the 
‘hard-to-get’ material which only 
experts can discover. Our editors 
must have the instinct of perceiv- 
ing what it is that their readers 
want to know before the readers 
are themselves conscious of it and 
they must present to them the 
kind of original material and 
facts that come only from funda- 
mental research and fact-finding 
and study which lifts our papers 
out of the competitive rut. When 
we present that kind of material 
in an attractive way, we need not 
fear losing our place as an im- 
portant factor in industry. More 
than ever, business men are crav- 
ing leadership. Most of our lead- 
ers are industrially minded and 
our job can be and should be one 
that will point out the direction 
which their effort should take and 
help convert individual thinking 
into the desired group trend. Some 
of our papers are doing this and 
reaping the reward that comes 
from acknowledged leadership. . . . 

The chief function of a business- 
paper today—a new function—is 
to advance the status of the in- 
dustry it serves. . . . In fulfilling 
this function, which is really a 
leadership job, the businesspaper 
requires a new relationship to its 
field, different to that it bore when 
it was primarily a teacher. It be- 
comes both a protagonist and a 
critic of its industry. The former 
role is easy; the latter one is a 
real job. It is necessary to differ 
with one’s industry from time to 
time. This necessitates guarding 
against a bumptious editorial at- 
titude, but at the same time stick- 
ing to one’s guns. 

And here is the important 
point: Industries may kick about 
this criticism, but actually they 
will ‘take’ much more from their 
businesspapers today than for- 
merly. In fact, they really want 
critical leadership and the paper 
which refuses to supply it may 
escape the bricks which its more 
aggressive competitor gets, but it 
will also forfeit the real respect of 
its field. 


In so far as governmental re- 
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lationship is concerned, obviously 
the businesspaper must fight its 
industry’s battles with government. 
But it should fight these battles 
only when it is sure its industry's 
side is right. It must show its in- 
dustry just what is right and what 
is wrong. 

Writing an editorial against 
something usually makes better 
copy and is easier than writing 
for something. That, | believe, is 
why a negative attitude creeps too 
often into editorial writing. A 
businesspaper of today, in my 
opinion, has a greater opportunity 
for constructive, positive leader- 
ship than ever before. 


Boiler explosions 


August 1888—Twenty-two boilers ex- 
ploded at Freidenshutte, Germany, 
killing 12 people, injuring 30 seri- 
ously. This is said to be the largest 
explosion of its kind. 


* * * 


May 1890—During the month of 
March, there occurred in the United 
States 30 boiler explosions. In addi- 
tion to these: one steam-heater, two 
flywheel and two steam-pipe explo- 
sions were reported. 


* * 


June 1890—During the month of 
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by Royce Chemical Company 


Ata higher initial price, Royce Chemical Company purchased two Preferred 600 H.P. 
Unit Steam Generators to burn low-priced, high Btu,200 SSF residual fuel oil. This 
decision was reached after careful consideration of service life, safety features, oper- 
ating and maintenance cost. Each Unit produces approximately 20,700 Ibs. of steam 
per hour at 125 psi pressure or sonse 700,000 Ibs. of steam per 24-hour working day. 


because 
Overall Costs Are Down 45% 


Taking into account the investment in heating equipment and cost of fuel, labor and 


all incidentals, records show that cost of steam for heating and process is now 45 per 
cent less than it had been before they installed the Preferred Unit Steam Generators. 

These Preferred Units are space misers, too. The entire set-up, including pump and 
heater set, water softening equipment, feed water return system, automatic controls 
and piping, fits into a 36’ x 48’ boiler room, with plenty of space for convenient 
servicing. 

Success stories like this one about Preferred performance are 
legion from both large plants and small. These truly distin- 
guished quality “package” steam generators are built and factory 
fire-tested before shipment, in sizes from 20 to 600 H_P., for oil, 
gas or combination fuels. There’s a Preferred Unit just right for 
your steam requirements. Why not investigate today? Write for 
Bulletin 2000. 


PREFERRED UTILITIES MFG. CORP. 


1860 BROADWAY DEPT. PW NEW YORK 23,N_Y. 
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April, total explosions numbered 26 
with 22 deaths and 47 injuries. 


* 


December 1893—North Dakota has 
been experimenting with the question 
of boiler inspection, trying one year 
with and one year without. The year 
the inspection law was in force, the 
threshing season passed without a 
single explosion. The bill was then 
repealed and the session just closed, 
witnessed seven explosions and 17 
fatalities. 


THE FIRST 
OF 18 GATE 
HOISTS FOR 
LONG SAULT 

DAM, 
ST. LAWRENCE 


“SILICA: 0.003 ppm, 
OTHER SOLIDS 
UNMEASURABLE...”’ 


With some doubt as to the outcome, the de-ioniza- 
tion units pictured above were installed outdoors 
at a Texas power and light company, to replace 
evaporation equipment as a means of purifying feed 
water for a high-pressure boiler. After three years, 
results far exceeded guarantee and expectations. 
From raw water containing 27 ppm of silica and 
dissolved solids totaling 365 ppm, the quality of 
the effluent is reported as: “Silica, zero to 0.005 
ppm, average 0.003 ppm. Other solids are un- 
measurable.""—This is a good example of what 
modern ILLCO-WAY ionXchange can accomplish. 


BOILER FEED WATER 
FOR POWER PLANT 


The particular plant shown above consists of a 
cation exchanger, an aerator, and a mixed-bed de- 
ionizer. The large tanks in the background hold a 
supply of regenerants. Operation is manual through- 
out, a preference of the purchaser. Results have 
proved even more economical than expected. 


ionXchange 


NEW YORK OFFICE: 141 E. 44th St., New York 17, N.Y. 
CANADIAN DIST.: Pumps & Softeners, Lid., London, Ont. 


TREATMENT CO. 


840 CEDAR ST. 
ROCKFORD, 
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* * * 


November 1894 — Reports indicate 
that an explosion at the Henry Clay 
Colliery was the greatest this country 
has ever known. Twenty-seven boilers 
exploded killing 5 men outright and 
seriously injuring several others. 


* * * 


December 1895—The latest in a long 
series of boiler explosions, occurred 
at the Detroit Journal plant under- 
lining the necessity of establishing 
license regulations for operators of 
boiler plants. 

A review of the past year’s issues 
reveals that flywheel accidents also 
warrant concern. 


Waste not... 


February 1888—In the gas-producing 
regions, natural gas is supplied to 
city customers at a pressure of 10 
pounds. In some of the larger stores, 
advantage is taken of this by sending 
the gas through small engines before 
it is burned. The power so obtained 
is put to use in running spice and 


coffee mills. 


Steam turbines 


August 1894—The Parson steam tur- 
bine is still being developed, and our 
English contemporaries are publish- 
ing accounts of trials made by Pro- 
fessor Kennedy of a turbo motor and 
attached alternator working at from 
about 95 to 120 lb of steam and run- 
ning at about 4500 rpm. The steam 
was superheated at 66 deg in one of 
the tests. (Continued on page 103) 
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J? any Power 


MURCO Gate 


Hoists de- 
signed and built 


are 


in a wide range 
of capacities from 
this large capac- 
ity to less than 
one ton. MURCO 
Gate Hoists have 


behind them 75 
years of design- 


ing and building 
experience. 


From this experi- 
ence we have ac- 
cumulated designs 
and patterns that 


may fit your re- 
quirements. In 
planning power 


dam gates, we 
suggest you write 
us before your 
plans for the pro- 
ject as a whole 
are completed. . 
it may save ex- 


pense and import- 
ant preparation 
time. 


Write for complete informa- 
tion and Engineering Depart- 
ment recommendations 


D. J. MURRAY 
MANUFACTURING CO 


Monulocturers Since 1883 


WAUSAU, WISCONSIN 
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April 1896—A 100-hp DeLaval Tur- 
bine on exhibition at Bordeau oper- 
ates on 21 lb of steam hphr with 
113-lb pressure and 26-in. vacuum. 
This performance compares favor- 
ably with performances of simple 
condensing engines. If upon repeated 
tests and with continuous use, this 
type of motor can attain and main- 
tain such duties, it will make a 
serious rival for the piston engine, 
being much lighter for the same 
power, small, compact and extremely 
simple. 


* * * 


April 1902—The steam turbine is in- 
vading the field of stationary engi- 
neering and, once its experimental 
period is passed, may be expected to 
become a prominent factor in large 
station work. For electrical service 
it possesses especial advantages. The 
largest stationary plant as yet in- 
stalled is at Hartford Electric Light 
& Power Co—two 2500 kw units, but 
several 5000-kw units of the Parsons- 
Westinghouse turbo-generator are to 
be installed at a London utility. Its 
use is being considered in the design 
of the Rapid Transit station in New 
York, and there is a strong move- 
ment among the directors of the 
Cunard Line in favor of turbines for 
the new 25-knot boats, requiring 48,- 
000 hp each. 


* * * 


May 1902—Brown, Boveri & Co of 
Baden, which took up manufacture 
of the Parsons Turbine for continen- 
tal Europe a year ago, has in process 
turbines as large as 5000 hp and 
orders aggregating 25,000 hp. A 
3000-hp unit is already in operation 
at the Frankfort Central Station, run- 
ning at 1360 rpm entirely without 
vibration. 


* * * 


July 1902—The largest steam tur- 
bine yet installed outside of Europe, 
one of the largest anywhere for elec- 
tric generation, has been set up at 
the Pearl Street Station of the Hart- 
ford Electric Light Co. 


* * * 


September 1902—A 300-hp DeLaval 
steam turbine has recently been 
tested. This is the first to be made 


“DOUBLE VOLUTE” 
BOILER FEED PUMPS 


for the ultimate in dependability 
IN HIGH PRESSURE SERVICE 


Type MSB, Horizontally-Split 

Case, Multi-Stage Boiler Feed Pump field proven for 

1200 Ibs. working pressure. Integrally cast cross-overs and evenly spaced 
case bolting located uniformly close to the shaft center line, enclosing a 
minimum pressure area, eliminate case distortion and inter-stage jetting. 


Type CP, Multi-Stage, Double-Case Boiler Feed Pump with forged outer 
barrel for high pressure service. 

All BINGHAM Boiler Feed Pumps feature: (1) “Double Volute” con- 
struction, resulting in full radial balance of the rotating element through- 
out the entire operating range of the pump. (2) Double suction first 
stage for low NPSH. (3) Balanced axial thrust (no balancing drums 
needed). (4) Kingsbury Thrust Bearings. (5) Stuffingboxes subjected to 
suction pressure only. (6) Design for High Speeds. 


SALES AND SERVICE OFFICES 


e iat rot se Boston, Mass. New York City, N. Y. 
Chicago, Ill. Philadelphia, Pa. 
Cleveland, Ohio Pittsburgh, Pa. 
i lif. 
SINCE 1921 Dallas, Texas San Francisco, Cali 


Denver, Colo. Seattle, Wash. 
Houston, Texas St. Louls, Mo. 
BINGHAM PUMP COMPANY Kansas City, Mo. St. Paul, Minn. 
General Offices: 2800 N. W. Front Ave., Portland 10, Oregon 08 Angeles, Calif. Tulsa, Okia. 
New Orleans, La. Toronto, Ont., Can. 
Factories: Portiand, Ore. + Vancouver, B. C., Canada Vancouver, B. C., Canada 
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JUST ONE 
LOW-COST 


PREMIUM FOR ‘ 
LIFE— STEAM FITTERS — 


SPROCKET RIM ERECTORS & FABRICATORS 
oF 

_ CARBON — STAINLESS — 


in this country of any of the larger 
size DeLaval turbines. 


* * 


November 1902—The commercial fu- 
ture of the steam turbine continues 
to look bright. The first big instal- 
lation in this country was at West- 


Adjustable : ALLOY — PLASTIC & inghouse Air Brake Co, Wilmerding, 
ae % PVC MATERIALS Pa. The first unit was started in 
Augus 899. TS s 

August, 1899, two others shortly after 


and a fourth in April, 1901. The 
Yale & Towne Manufacturing Co at 
Stamford, Conn started a 400-kw 
turbine in February 1902. Commer- 
cial steam generation began in Eng- 
land as far back as 1897, when the 
New Castle and District Electric 
Light Co was operating 11 turbines, 
75 to 150 kw. 


STEAM 
PULP & PAPER MILLS 
STEEL MILLS 
& WATER UTILITIES 


® Simplifies pipe lay- 
out 


© Fits any size valve 
wheel 

© Easy to install and 
operate 

© Operates any valve 
from plant floor 


© Time and money 
saving fixture 

® No maintenance; 
first cost only cost 


® Packed, completely assembled, one 
to a carton 


© Hot galvanized, rust-proof chain 
available for all sizes 


® Easy to follow instructions with each unit 
© Your supplier carries complete stocks 


® Write for new descriptive catalog sheet and 
prices 


REFINERIES 
SEWAGE SYSTEMS 


* * * 


December 1902—It is interesting to 
recall that in the early 90’s Mr John 
Van Vleck laid out the 12th St Sta- 
i — tion of the Edison Electric Illumi- 
Babbitt STEAM SPECIAL nating Co of New York to be oper- 
2 BABBITT SQUARE, NEW BEDFORD, MASS,, USA. ated by 
——______—. were completed in detail and men 
sent to England to purchase the 
machines, but Mr Parsons, who at 
that time was negvtiating for the 
control of his American patents, re- 
fused to take the order. Two DeLaval 
units were purchased, but are not in 
operation due to generator trouble. 


EXTRA YEARS 


OF MORE DEPENDABLE POWER 
and at less cost per pound of steam 


TODD 


GAS OR OIL 


PRODUCTS DIVISION 
TODD SHIPYARDS CORPORATION 


HEADQUARTERS: 
Columbia & Halleck Streets, Brooklyn 31, N. Y. 


PLANT: 


Green's Bayou, Houston 15, Texas 


Early electric fan 


The Yankee answer 


November 1887—-An immense com- 
pressed-air plant at Birmingham, 
England is to supply power to its 
customers at a little less than $60 
per hp a year, At this rate, a cus- 
tomer can save about $1000 a year 
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on a 60-hp engine. A 3000-hp plant 
is to be put in operation in Paris, to 
furnish theaters and other buildings 
with compressed air for running dy- 
namos for lighting purposes. With 
this sort of an arrangement, the thea- 
ters will probably get the benefit of 
about 40% of the power used to run 
the compressors. That sort of thing 
wouldn't do over here. We would 
dispense with the compressed air, 
and distribute our electricity direct. 


Harnessing Niagara Falls 


May 1890—A scheme has been pro- 
posed for the harnessing of Niagara 
Falls. The plan is represented in an 
all-hydraulic scheme with a long tun- 
nel and a canal above ground. At 
various points along the path, water 
wheels would be installed operating 
on the drop in water level between 
the canal and the tunnel. 


% 


November 1890-——The tunnel at Ni- 
agara Falls has been started and a 
contract has been let for its construc- 
tion. 


* * * 


October 1891—The advantages of 
high-voltage electrical transmissions 
should be demonstrated, it has been 
suggested, by bringing power from 
Niagara Falls to the Chicago World’s 
Fair, 500 miles away. 


* * * 


September 1892—The work on the 
tunnel and water-power project of 
Niagara Falls is proceeding accord- 
ing to schedule. The plan envisions 
individual plants located on the canal 
and deriving water power from canal 
water falling to the tunnel below. 


* * * 


February 1894—The first utilization 
of the great tunnel at Niagara took 
place on the 25th of last month, when 
the gates were raised upon the Ni- 
agara Falls Paper Company. The 
plant started off most successfully, 
and is now in steady operation. The 
power station, it is expected, will be 
started on June 1, which will be made 
the occasion of a general celebration. 
(Continued on page 106) 
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“PBH” VERTICAL WATER GAUGES 


QUADRUPLE THREAD—OPEN OR CLOSED 
INSTANTLY FROM FLOOR BY PULL OF CHAIN 


“PBH” Vertical Water Gauges are 
opened and shut by less than a 
quarter of a turn. This provides quick 
shut-off of danger . . . and expense! 
All valves are heavy, well propor- 
tioned and made of bronze mixture 
according to ASME Code. Maximum 
working pressure stamped on each 
valve. Glass and stem nuts are large 
to accommodate ample size packings 
to insure steam-proof and leak-proof 
service. All valves are rigidly tested 
and inspected before leaving the 
factory. 


“PBH” WEIGHTED GAUGE COCKS 


LEAKLESS SPRINGLESS QUICK-OPENING « SELF-CLOSING 


The improved “PBH” 
Weighted Gauge Cocks: 
here is a weighted Gauge 
Cock that is leakless—spring- 
less—quick-opening and self- 
closing Huyette Gauge 
Cocks are designed to give 
these features and the atten- 
dant advantages. A gentle 
pull is all that’s needed to 
open this sturdy, long-wear- 
ing gauge cock—and an ad- 
justable weight automatic-. 
ally closes it when you let it 
go. It’s as easy to operate as that! Leak-tight service is provided 
by the use of removable monel metal seat and copper valve 
pencils. 


For catalogs and prices, write to: 


THE PAUL B. HUYETTE CO., INC. 


401 NORTH BROAD STREET PHILADELPHIA 8, PA. 
205 EAST 42nd STREET, NEW YORK 17, N. Y. 
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in this plant 


Here is a typical 2 unit installation of 
Enco fuel oil pump sets—selected to 
take care of all the requirements of a 
building materials manufacturer. 

The Large Unit has 2 pumps and 
2 heaters, completely automatic and 
arranged for operation with either 
heater, or either pump—or both. With 
one heater and pump the capacity is 
11 gpm Bunker C oil at 300 psig pres- 
sure, and temperature rise from 90F 
to 230F. 

The Small Unit is for cold starting 


THE ENGINEER COMPANY, 75 West Street, New York 6, N. Y. 


up—has no heater. The capacity is 3 
gpm of No. 2 oil at 300 psig pressure. 


All Enco sets are individually de- 
signed, each for specific plant condi- 
tions—for easy installation, low 
maintenance and minimum carefree 
operation. 


Complete details including the 10 
important features of Enco fuel oil 
heating and pumping sets are given in 
Bulletin OB53. Copies gladly sent 
upon request. 


In Canada: Rock Utilities Ltd., 80 Jean Talon St. W., Montreal, P. Q. 


Palser Enterprises, 378 York St., London, Ontario 


Metal Blade 
Aeromaster* 


AEROMASTER 
fans 54” to 22’ for 
cooling towers and 

radiator-type coolers, 


Lasts Longer « Costs Less 


Efficiency .. . economy . . . durability— 
three important standards—are yours in 
the AEROMASTER fan. 

AEROMASTER fans are efficient because 
they embody advanced aerodynamic 
principles. True airfoil blade sections 
give maximum air delivery. 

AEROMASTER fans are economical be- 
cause adjustable pitch angle of the blade 
permits a flexibility of setting which en- 
ables you to decrease fan load to an 


*Koppers 
jemark 


accurate minimum horse-power require- 
ment. Design features reduce labor and 
installation costs. 

AEROMASTER fans are durable because 
they are made from corrosion resisting, 
silicon-magnesium, aluminum alloys with 
high tensile strength, fine grain structure 
and increased endurance limit. 

For more details write to Koppers 
Company, Inc., Aeromaster Fan Dept., 
2609 Scott Street, Baltimore 3, Md. 


Engineered Products Sold with Service 
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The last straw 


March 1894—Some of the members 
of a council of a small-sized city in 
the East have been thrown into a 
spasm of righteous indignation by 
the discovery that the engineer of the 
water works wears a white shirt and 
collar and cuffs. We advised that 
a committee be appointed to further 
investigate the habits and mode of 
life of the functionary in question. It 
may be possible that he uses a napkin 
at the table, eats with his fork, and 
takes a bath occasionally, in which 
case he should be immediately im- 
peached. These aristocratic tenden- 
cies on the part of the mechanics 
must be nipped in the bud. 


1889—Edison’ s 10-kw 


Men of vision 


Modern electricity and modern pho- 
tography were both brought into being 
during the period from 1880 to 1921. 
Mr Edison and Mr Eastman, of course, 
were the key men behind these two re- 
markable developments. 

Their paths crossed, as is so often 
the case with men of vision, when in 
about 1881 Eastman purchased one “E” 
dynamo and 15 “A” lamps (about 1.25 
kw) for his chemical factory. Since 
Edison’s first incandescent-lamp plant 
started up in the same year, it seems 
probable that Eastman was one of Edi- 
son’s earliest customers. 

Eastman moved to a larger factory 
in 1882, purchased more light. A let- 
ter to Edison in 1882 states, “plant you 
put in over 2 years ago... usually run 
about 25 lights . . . 12 hours per day.” 

The 10-kw bipolar dynamo, photo, 
above, was shipped by The Edison Ma- 
chine Works to a Eastman branch in 
1889. It was a 125-v 80-amp 1600-rpm 
belt driven de unit. 
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Power and progress 


Horses clip-clopped down tree-shaded 
streets, little boys chased ice wagons 
for a cooling lick and, above them 
both, wires tingled with the new en- 
ergy that would write an end to the 
era. The time was the late 1800's. 

In a relatively short period of time, 
the electric trolley had replaced the 
horses and little boys were banging 
open refrigerator doors in search of 
ice cubes. The magician that wrought 
the transformation was electricity. 

The old times—good and bad— 
vanished, despite angry mutters from 
outraged Victorians and table-thump- 
ing prophecies of disaster. Current 
flowing through the streets, into the 
homes, offices and plants, demolished 
a backstairs army of Bridgets and 
Marys, trimmed down the work week, 
hoisted production, prices and _ sal- 
aries, and left many a conservative 
businessman holding the bag. 


* * 


Power’s publishers were not long in 
recognizing the potential of the new 
energy. In 1884, the magazine Steam 
was incorporated in Power. In the 
first issue an exchange of letters 
points out the thinking behind the 
switch. 


MESSRS. EDITORS: — Inclosed 
find $1 for my next year’s issue. 
Your paper called Steam is well 
deserving of its name, and it is 
my opinion that it is a good 
steamer; so keep the throttle open 
and let me have Steam as long as 
fuel lasts. 


Robert E Iredale 
Engineer at Knecht and Brown’s, 
Cincinnati, Ohio 


(We’ve found that it was de- 
sirable to supplement our “steam 
power” with that from some other 
motors. Instead of having only 
Steam to let, now, we have PowWER 
of all kinds, safely and economi- 
cally generated and delivered at 
the machines to be run or work to 


be done.—ED.) 


* * * 


In the issues that followed, PowER 
made clear its implicit faith in the 
future of electricity and outlined the 
role that it would play in fostering 
the new development. In the March 
issue, 1889, on the establishment of 
an Electric Power Department: 
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BOOST STEAM SYSTEM EFFICIENCY! SPECIFY... BUY 


STRONG 


GREATER CAPACITY . . . thru STRONG “lever-lift” trap action > 
STRONG Hyd BETTER HEATING ._. thru rapid elimination of air and condensate 
ydro- 
Flex STEAM TRAPS HIGHER EFFICIENCY . . . even under very light loads 
provide all LONGER LIFE. . . thru extra-heavy cast or forged construction 
these advantages: LESS WEAR . .. only two parts move — no pins on larger traps 


INTERCHANGEABLE INTERNAL PARTS . . . made of tough stainless 
steel 


STRONG'S complete line contains a trap for every steam system: 0 to 2500 psi, 0 to 1100°F, 
0 to 100,000 Ibs/hour. 


Horizontal, in-line traps: 


140, 141, 142, 143, 144 
(semi-steel): pressure-tem- 
perature limit — 250 psi at 
450°F; capacities to 11,500 
Ibs/hour 


140S, 1418, 142S (semi- 
steel): same as 140-142, with 
a built-in strainer for remov- 
ing foreign matter. 


140T, 141T, 142T (semi- 
steel): same as 140-142, with 
a high capacity thermal vent 
for faster heating 


Bottom inlet, top outlet traps: 


42, 43, 44, 45, 46 (semi- 
steel): pressure-temperature 
limit — 250 psi at 450°F; 
capacities to 42,800 Ibs /hour 


643, 644, 645, 646 (cast 
steel): pressure-temperature 
limit — 600 psi at 800°F; 
capacities to 42,800 Ibs/hour 


1543, 1544, 1545, 1546 
(forged SAE 4130 Chrome- 
Moly Steel): pressure - tem- 
perature limit — 1500 psi 
at 950°F; capacities to 
42,800 |bs/hour 


642 (forged steel): pressure-temperature limit — 400 psi at 850°F; capacities to 
2665 Ibs/hour (not illustrated) 


2544, 2545, 2546 (forged ASTM A335-P22 Chrome-Moly Steel): pressure-temperature 
limit — 2500 psi at 1100°F; capacities to 42,800 Ibs/hour (not illustrated) 


STRONG, CARLISLE & 


is a complete “bible” on steam specialities. Should be on 


air traps strainers * vacuum or pumping traps 
continuous blowdown valves * separators * engine stops * F andT traps * reducing valves 
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HAMMOND 
STRONG'S NEW CATALOG — 
every steam engineer's shelf. Write for your copy today! 


BEST ANSWERS 


YOUR 
PUMPING PROBLEMS 


SUMO SUBMERSIBLE 
DRAINER PUMPS 


For pumping water containing up to’ 


20% solids. Operates fully or par- 
tially submerged. A sturdy, reliable 
7%-hp pump which can be used for 
draining excavations, sump pits and 
tanks; dewatering or flooding storage 
compartments and other areas; re- 
moving industrial wastes and sewage; 
pumping river and canal water. Can 
be used as a portable unit or in- 
stalled in a permanent location. 


Write for Bulletin B-1100 for 
complete information. 


SUMO SUBMERSIBLE 
WATER-SUPPLY PUMPS 


A complete range of high-perform- 
ance, high-capacity deep well pumps 
for fresh-water supply, cooling and 
processing water, fire fighting, air 
conditioning and other services. 
Pump and motor unit is installed in 
the well and operated under water. 
Needs no pump house... unaffected 
by floods or adverse weather condi- 
tions. Only minimum maintenance 
required. Sizes from 14 to 50 hp. 


Write for Bulletin B-1000 for 
complete information. 
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The program laid down in estab- 
lishing this department is one 
which undoubtedly invests PowER 
with specific fitness for a peculiar 
kind of missionary work that is 
needed in the broad field of elec- 
tric power. This journal is espe- 
cially favored for this task [since 
it now] reaches the places where 
power is used, and the men whose 
vocation is the control of it. ... 
In the early days of electric light- 
ing, the stationary engineer often 
was the raw material out of which 
the electrical engineer was evolved, 
and the process of evolution seems 
to be still going on at a rate which 
can only increase the more rapidly 
with the general introduction of 
the electric motor . . . It is quite 
logical, and generally follows as a 
matter of course, that wherever 
electric motors are introduced in 
mills, factories and shops, they 
should be placed in charge of the 
persons who already have the 
steam or other machinery in their 
care. These persons, the very ones 
upon whose judgment the proprie- 
tor depends largely in making 
plans, form an important body 
in our constituency. These facts 
bring into strong relief the promi- 
nence and importance of the role 
which becomes allotted to us in 
this field. We thus find ourselves 
possessed of enhanced facilities for 
teaching the very individual most 
needful of and eager for knowl- 
edge concerning the electric motor 
and its manifold applications. 


* * * 


The publishers of Power, considered 
that a magazine's first function was 
the education of its readers: Con- 
sciousness of this mission appears 
again and again in Power’s pages, 
as editors urge readers not to sell 
electricity short—to keep up with 
latest developments. In the April is- 
sue, 1889, there appears a new series, 
titled Electricity in the engine 
room, in which the author advises 
the reader that: 
There is nothing mysterious about 
electricity. Ten volts pressure 
means just as much as ten pounds 
of steam, and every engineer can 
pick up quite a knowledge of elec- 
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tricity in his own engine room. 
There are many books which tell 
how to make small dynamos, and 
the construction of such machines 
is simple and easy, requiring but 
few tools. 

The best knowledge of dynamo 
machines, lamps, switches and 
other electrical implements, will 
not help the learner, unless he has 
a fundamental knowledge of elec- 
tricity and its behaviour. 

Purchase two or three books on 
electricity, and get one which be- 
gins at the beginning, even with 
the old Frenchman Volta and his 
frogs. Reading the accounts of 
these early experiments will not do 
half as much good as if the learner 
buys a coil or two of wire, some 
other necessary material, and sets 
up a little laboratory of his own. 

Perform the simple experiments 
as noted in the books, and see that 
the reason for each phenomenon is 
understood, before leaving it. 


Again in October, 1890: 
The study of electricity 


The wonderful progress made in 
the last few years, and which is 
now being recorded daily and 
hourly in the science of electricity, 
applied as a means of transmission 
of power in creation of light. 
should not be without its lesson 
to steam engineers. The time is 
right here, now, when the steam 
engineer, under whose care are 
the engines, boilers and various 
other parts of the power equip- 
ment in all large mills and facto- 
ries, is a much more valuable man 
if, in addition to his thorough 
knowledge of the steam plant, he 
can combine a knowledge of elec- 
tricity sufficient to enable him to 
care for and superintend the ma- 
nipulation of electrical outfits 
which are so rapidly becoming an 
adjunct of his steam equipment. 
The dynamo room will soon be a 
part of every factory, for light, or 
for power, or for both; and if the 
steam engineer is competent to 
handle and take care of this de- 
partment, he takes the place of the 
electrician, who is not a necessity, 
but who may be called in only in 
case of radical failure of the elec- 
trical mechanism to perform its 
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Job-Rated for the Equ i pment 
Particular Load to 
Give Maximum Performance 


-NON-LUBRICATED 
EASILY-ASSEMBLED 
FLEXIBLE COUPLING 


to 5100 fr.-Ibs. 


MAINTENANCE-FREE INSTANTLY- 
ADJUSTABLE VARIABLE SPEED PULLEYS 


a f 
A 
Bores Imax.) to 1% 
Speed Ratigg 2% Tw 
Ap 1750 


ECONOMICALLY-PRICED INFINITELY 
VARIABLE SELECT-O-SPEED 


Speed Ratios 


HP. (1750 rpm.)+ 


Get Lovejoy performance for your equipment. 
Request full information now. 


4834 WEST LAKE STREET + CHICAGO 44, ILLINOIS 
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LOVEJOY FLEXIBLE COUPLING CO. 


Designed for efficient production of vacuum for small steam turbines, 
the Sweco All-in-One reduces headroom requirements, can be installed 
in minimum space quickly and easily. Inexpensive and small, with con- 
denser and ejector enclosed in one shell, the All-in-One Combination 
does away with separate water and vapor systems, eliminates piping 
between ejector and condenser—incorporates large condenser features: 
e tube differential spacing reduces pressure drop to a minimum. 
e steam lane and separately vented hot well efficiently heat condensate 

and remove air. 
® tube support baffles arranged to offer little resistance to steam flow. 
© combined condenser & ejector unit is easy to install, service and operate. 


Sweco’s more than 40 years experience in the production of pressure 
vessels and heat exchangers, in thermal and mechanical design, com- 
bined with Sweco’s complete manufacturing facilities, assure reliability 
and efficiency in the new line of All-in-One Combinations. These units 
are available in arrangements to suit individual requirements: Con- 
densers in single-pass and two-pass water design. Ejectors in single- 
element or twin-element parallel jets. 


For more information about Sweco All-in-One Combination Units and 
Sweco process vapor condensers, write today for Brochure M-5-393. 


Southwestern Engineering Company 

4800 Santa Fe Avenue, Los Angeles 58, California 
. 

! 


SWECO 


LUdlow 3-6262 | Cable: SwecoLa 


ENGINEERS AND CONSTRUCTORS...MANUFACTURERS 
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work. To do this the engineer must 
study the general laws and prin- 
ciples which govern electricity, 
must become familiar with the 
various machines and instruments, 
their use and functions, and be 
able to locate and remedy any of 
the minor faults or failures, much 
the same as he now does on his 
steam apparatus. 

We advise all engineers to give 
this suggestion serious considera- 
tion, and to employ whatever time 
they can in the study of this new 
development. Read, study and 
master this unknown agent. Re- 
member that even the most learned 
expert does not yet know what 
electricity is; he only knows how 
to make it perform his will, how 
to harness and control it; we will 
aid you in every issue by giving 
in the future as in the past, prac- 
tical lessons on electricity; but in 
addition to such chapters which 
are of necessity limited by space at 
our disposal, we would advise a 
still more thorough and compre- 
hensive study, which starts at the 
fundamental laws of applied elec- 
tricity. 


* * * 


This task of education which Power 
had undertaken was not simply a 
matter of presenting — self-evident 
truths to an admiring public, or un- 
veiling the latest marvels to loud 
huzzahs. The real job of education 
lay in cultivating a favorable climate 
of opinion among engineers and man- 
agement men. The natural tendency 
to conservatism on the part of the 
businessman, and all the nameless 
fears that accompany an innovation, 
had to be overcome before a more 
ambitious program of education 
could be effective. Thus in November 
1887: 


Practical men seem to have a 
lingering distrust of electric mo- 
tors. Many of them admit that 
these motors will work, but shake 
their heads and look dubious when 
asked why they do not use them. 
They seem to feel that electricity 
is not yet understood, and that 
there is an element of mystery 
about it that makes its workings 
uncertain. It is true that the ulti- 
mate nature of electricity is abso- 
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lutely unknown. It is not true 
that its workings are not under- 
stood. The electric motor is today 
in practical working shape. It will 
do continuous hard work. It may 
be started or stopped by a twist of 
the wrist. It is the most efficient 
motor known. There is no reason 
whatever, except public conserva- 
tism, why power cannot be eco- 
nomically generated at a central 
station and economically distrib- 
uted by electricity for practical 
manufacturing purposes. A recent 
Congress of Electricians discussed 
the practicability of erecting large 
steam plants in the coal regions 
and distributing power electrically 
on a grand scale. There is nothing 
whatever impossible or even im- 
practicable about it and consider- 
ing the present cost of transport- 
ing coal, it strikes us that a large 
plant like this wouldn’t be such a 
very bad investment. 


Again, in December 1889, in an 


editorial entitled: 
The field for electric power 


The development of the electric 
motor has _ progressed rapidly 
within the past few years until 
little seems to be left for future 
accomplishment in the way of effi- 
ciency, regulation and reliability. 
Notwithstanding the fact that this 
system of power distribution has 
attained to such perfection, the 
development of the field for its 
application has just begun. To 
one who is inclined to be specu- 
lative upon this subject the future 
opens up an attractive vista of ap- 
plications of this convenient, ever- 
ready and portable force to 
lightening the labor of existence 
and enhancing the conveniences 
and comforts of life which is truly 
marvelous . . . 

It would be extremely difficult 
for one of the present generation 
to comprehend the true state of 
industrial art previous to the in- 
vention and extensive adoption of 
the steam engine. Some approach 
to such a state may be conceived 
by glancing along the line of ap- 
plications to which this power has 
been applied and imagining what 
the world would be without it. Not 
only has the work of the world 
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are made 


An entirely new Verti-Line con- 
cept for vertical industrial 
pumps. The discharge head is 
“Split-to-Pull” making possible 
many advantages never before 


available with this type of pump. 
Here are just a few: 


May be flanged in line 
like a valve. 

Remove pump without 
disturbing piping. 

Pump case can be left in 
line, covered with blind 


flange. 


Minimum NPSH 
requirements. 
Completely self priming. 
“Leakless- Packing’ 
“Overpressure—Overload”’ 
proof performance. 


TANK 


PUMP 


CASE 
(Barrel) 


Ask for Bulletin 0-97 


Verti-Line Pumps are the exclusive products of 
LAYNE & BOWLER PUMP COMPANY 
general offices and main plant 
2943 VAIL AVENUE « LOS ANGELES 22, CALIFORNIA 
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DIAL INDICATING 
HANDWHEELS 


for EXACT positioning of rotary or 
screw controlled equipment. 
Applied to horizontal stems or shafts, 
eliminates guesswork in regulating or posi- 
tioning: 

e variable speed drives 

e distance between rollers 

e width of gates, shutters, 

dampers, etc. 


Dials are visible from a distance, and 
are graduated in turns and fractions of a 
turn 


Send for Catalog and Price Sheets 


TEJAX ENGINEERING Corp. 


180 Weeden St. Pawtucket, R. I. 
P.O. Box 348 


ure... 
The Greater the Press 
the Tighter It Holds! 


e for storage or process _ @ lined or unlined 

Whether the tanks, bins and hoppers you need are 

tiny or titanic . . . Kirk & Blum has the “know-how” and the 
facilities to fabricate them to your exact specifications. 


Piant facilities will accommodate sheet, plate and structural 
There’s still nothing simpler or more to Y2” thicknesses. Overhead crane capacity to 25 tons 


efficient in power line service,than this ta i : 

Wilcox Self- Sealing Gasket Which has handles the big jobs easily. 

The U-shaped pt pear og ob cog Kirk & Blum craftsmen have more than 50 years experience in 
packed with a resilient filling (usually mild steel, stainless, aluminum and other alloys. 
on this elastic filling forces it into the . : 

cover, putting force against the adja- Be sure to send your prints to Kirk & Blum 
cent flange surfaces. Thus, internal for prompt quotation. 
pressure that tends to blow ordinary 
gaskets makes the Wilcox Gasket 
tighter in the joint. Available with : LA/ YEARS OF 
covers of copper, lead, tin, aluminum, : 0) ( SERVICE 


monel, stainless steel, etc. in all sizes— 
standard or special. IR, 
Write f-r details and quotations 
: ‘i The Kirk & Blum 
‘CHICAGO-WILCOX MFG. co. Manufacturing Co. AL UM 
_-7707 Se. Avalon Ave. 3233 Forrer Street & 


Chicage 19, Ill. 


Cincinnati 9, Ohio 
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~ been lightened, but it has made 
more work possible with less ef- 
fort; it has multiplied the produc- 
tive power of the race until the 
home of the peasant of today con- 
tains appurtenances which would 
have graced only the palaces of 
kings before the application of 
artificial power rendered their 
possession possible by the masses. 
In the light of this retrospective 
glance, imagine the development 
which must follow the bringing to 
every man’s door of a source of 
power as available as gas or water. 

What numberless little operations 

now performed by hand will be 

delegated to the electric motor; 
what modifications of the shop 
and factory system will come with 
power in every man’s home, and 
what conveniences, now unthought 
of, will be accomplished as a mat- 
ter of course, with power to spare, 
and accepted by following gen- 
erations as matters not to be dis- 
pensed with, can better be imag- 
ined than specified. 
Fear, the last great obstacle men- 
tioned, should have been relatively 
simple to overcome, given the co- 
operation of public officials. But in 
many cases this cooperation was 
lacking. 

Some office holders saw a chance 
to keep the voter in line by scare 
stories and at the same time to in- 
gratiate themselves with moneyed op- 
ponents to the movement. The stereo- 
type of the mad scientist about to 
destroy civilization with his infernal 
machines became as firm a plank in 
some platforms as references to the 
flag, motherhood or baseball. 

Power had no patience with these 
men and wasted no time being polite. 
This is one of several editorial blasts 
leveled at their machinations: 

The Supreme Court of the State 
of New York has dissolved the 
injunction of Judge Andrews in 
favor of the Electric Lighting 
Companies of New York City, and 
they are again subjected to the 
annoying interference of the Board 
of Electrical Control, through 
whose machinations New York 
City has been able to produce far 
more accidents from electricity 
than any other city where elec- 
tricity is used. To such an extent 
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AIR CONDITIONING 


LET US QUOTE ON 
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FRICK COMPANY 
Waynesboro, Pa. 


able in sizes from 3” x3 


to 17%" x 12. 
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ENERGY FUND 


INCORPORATED 


. . . For those who desire to partici- 
pate in the growth of world demand 
for power and energy. 

Energy Fund is an open-end in- 
vestment company seeking growth in 
the energy both the 
familiar sources such as electricity, 
oil, natural gas and hydro power, 
and the newer sources, as they are 
developed, such as nuclear, fusion, 


industries 


and solar power. 

A single common stock certificate 
gives you a professionally managed 
investment program with diversified 
holdings in these energy industries. 


Energy Fund shares are sold at net 


asset value .. . no sales charge of 


any kind. For prospectus giving full 
information use convenient coupon 
below. 


RALPH E. SAMUEL & CO. 


(Distributor) 


115 BROADWAY 
Members of N. Y. Stock Exchange 


| Ralph E. Samuel & Co. Dept. P 


| Please send Energy Fund Prospectus and 
Literature. 


| NAME 
| 
ADDRESS . 


| city 


NEW YORK 6, N. Y. 


This Deming 4700 Vertical Turbine Pump discharges 1600 gallons of water per minute! 


HOW LOW COST WATER 
CAN ADD TO PLANT PROFIT 


High cost water can be an important factor in plant operating costs... 
knowing this, one eastern paper manufacturer checked into possible savings 
that might result from establishing and operating his own water supply. 


First—A Deming distributor was consulted. Sydnor Pump and Well Co., 
Richmond, Virginia, made a preliminary survey of the ground water 
characteristics of the area. 


Second —A test well was drilled to obtain complete geographical data. 


Third —After studying survey results and geological data, a well 16 inches 
in diameter, 750 feet deep was drilled. A Deming 4700 Vertical Turbine 
Pump, water-lubricated type, was installed with a setting of 250 feet. The 
pump discharges approximately 1600 gallons per minute. 
“We selected this Deming Turbine Pump for its water-lubricated 
design and semi-open, easily-adjustable impellers,” said Mr. H. C. 
Berkely of Sydnor Pump and Well Co. 


A Factory-Owned Water Works 
This installation by an experienced Deming distributor meets the customer's 
present volume needs for pure water and provides for increased volume 


needs at lower cost. 


For specific data on Deming Vertical Turbine Pumps, 
write for free BULLETIN 4700-A. 


THE DEMING COMPANY -— 547 Broadway - Salem, Ohio 


DEMING 


INDUSTRIAL PUMPS 
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has this persecution been carried 
that the companies have been 
obliged to shut down, the streets 
are in darkness, a large number of 
men are thrown out of employ- 
ment, and electricity has received 
another setback as an established, 
reliable and prominent method of 
furnishing light; not from any in- 
herent fault of its own, but from 
the interference of a board of elec- 
trical control, composed of men 
who know more about the control 
of votes than of electricity. 


* * 


* 


The editors and publishers must have 
taken great satisfaction in reporting 
that at the beginning of 1890 there 
were 1265 central stations in the 
United States and at the beginning of 
1891, 1543. This report, which ap- 
pears in the February issue of 1891, 
also says that of 868 Street Oil 
Works Companies in the United 
States at the beginning of 1890, 18% 
were operated in whole or in part by 
electricity. The item concludes by 
saying: 

New users for this manageable and 
ever ready source of light and 
power are developing everyday, 
and ... the time is close at hand 
when a residence will not be con- 
sidered as having ‘all the modern 
appointments’ unless it is wired 
and supplied with electricity. With 
the current on tap day and night, 
possible applications . . . for 
power as well as light are beyond 
speculation. 


* * 


The faith that Power had in the new 
energy was well repaid. With a repu- 
tation for foresight well-established, 
the temptation to settle into a safe 
and prosperous middle age is great. 
But present-day Power readers will 
find no trace of complacency in its 
pages. Instead, Power editors and 
publishers are looking forward eager- 
ly to the nuclear age. And although 
the people of the 20th century have a 
better predisposition to progress, this 
newest source of energy faces many 
of the same obstacles that plagued 
electrical development, Power, there- 
fore, expects to be as busy in the 
next 75 years as it was in the last. 


_ Begins on page C+107 
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positive of satisfactory service! 


SAFETY IS A “MUST” 


From the original “Manhattan Proj- 
ect” to the U.S.S. Seawolf (and other 
unannounced atomic developments in 
private quarters), Catawissa Perfect 
Seal Pipe Unions have been specified 
to handle the extreme pressures in- 
volved. These are examples of “the 
toughest jobs”, where absolute safety 
is a “must”! 


3-TO-1 SAFETY FACTOR 


One of the many extra value features 
of Catawissa Unions is in the very 
design itself —a design which gives 
each union a 3-to-1 safety factor. 
Catawissa 3000-lb. service unions, for 
example, are tested to 9000-lbs.; 6000- 
lb. service unions are tested to 18000- 
Ibs., etc. 


This point of superiority, plus expert 
workmanship and 40 years of expe- 
rience, make Catawissa Forged Steel 
Pipe Unions and Swing Check Valves 
the best buy for rugged, trouble-free 


Photo courtesy of General Dynamics Corp. 


LAUNCHING THE U.S.S. SEAWOLEF at 
Groton, Conn., marked the development of 
the second atomic powered submarine built 
for the U.S. Government. Catawissa Valve 
& Fittings Co. is proud of its role in the 
project as major suppliers of Forged Steel 
Pipe Unions for the “Seawolf’’ — another 
repeat order in the atomic field . . . proof 


CATAWISSA 

PERFECT SEAL UNIONS 
HAVE HAD A PART IN 
EVERY APPLICATION OF 


wherever 
formance is required. 


service dependable per- 


PERFECT SEAL SEATING 


Another Catawissa exclusive is its 
Ball-to-Angle seat design, which as- 
sures a Perfect Seal even when the 
two pipes joined are not in alignment. 


ALL PRESSURES, TEMPERATURES 


The Catawissa line is the most com- 
plete line of unions on the market— 
regular or special! They’re hot forged 
from solid bars of AISI Spec. C-1026 
steel, and meet the requirements of 
ASTM Spec. A-105, Grade 2. 


YOU CAN TAKE THE GUESSWORK 
OUT OF PIPING PROBLEMS 


. specify CATAWISSA Perfect Seal 
Pipe Unions & Swing Check Valves 
@ AT YOUR FAVORITE SUPPLY STORE @ 


CATAWISSA VALVE & FITTINGS CO. 
CATAWISSA @ PENNA. 
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GET THIS 
HANDY GUIDE 
°° BETTER VALVES 


WIDE VARIETY OF MODELS 


FOR ALL INDUSTRY 


AEROSPOT DYNAFLOW DUCTYPE 


Aerodynamically designed to give uni- 


“N° GAGES “a 


Shows complete line of Penberthy valves 
and liquid-level gages for power, petro- 
leum, and process industries. Includes 
technical data, parts, price lists, and 
accessories such as: 


HEATING AND COOLING GAGES... for accu- 
rate readings where liquids must be cooled 
or heated to obtain exact measurement. 


INSTRUMENT VALVE ... permits gage repair or 
replacement without shutdowns. Back-seating 
stem permits repacking under pressure. 


FROST PREVENTIVE GAGE... eliminates frost 
build-up...assures dependable visibility. For 
industries where frosting interferes with 
accurate readings. 

ILLUMINATORS .. . plastic wedge distributes 
bright, even light along entire column. Non- 
glaring...dustproof for perfect illumination. 


WELDING PAD GAGES .. . where process con- 
ditions require observation windows as inte- | 
gral part of vessel. 


Penberthy Manufacturing Company { 
Division of Buffalo-Eclipse Corporation 
1242 Holden Ave., Detroit 2, Mich. 


Please send FREE copy of Catalog #36. 


NAME TITLE 


ADDRESS. 


COMPANY, 


form air velocity across entire blade 
area—furnishing more air per h.p. 
The construction is rugged for long, 


plied with explosion-proof motor and 
number of fan blades desired. Free 
advisory service by competent engi- 
neers is yours without obligation. 


hard service. Any unit may be sup- Custom work a specialty. 


EXTENSION ARM 
DYNAFLOW 


LET US 
HELP 
SOLVE 
YOUR 
PROBLEMS 


For “Hot” or 
“Explosive” Gases 


For exhausting explosive gases or fumes 
... for circulating “hot” gases up to 350°F. 
where temperature is too high to permit 
use of standard or even special motors. 
Fans from 16" to 36” diameters. Accurately 
machined counterbore for N.E.M.A. face 
mounted motors. 


DYNAFLOW UNITS 
2, 4, 6 or 8 Blades 


For use on circuits of any 
frequency. 


HEAVY DUTY 
AEROSPOTS 


For general or specific 
ventilation, man-cooling 
or parts-cooling. Increase 
personnel efficiency and de- 
crease lost time by quick cooling 
and drying. Fans have 20” to 36” 
diameters. Effective 50’ to 175’. 
Direction of blast fully adjustable. 
A complete line of models. Double 
Swivel for wall or ceiling mount- 
ing. Floor Level, Head-Hi and 
Mobile types. 


FLOOR LEVEL 


SOUTH BEND 


DUTH BEND AIR PRODUCTS [NC 


INDIANA 


DUCTYPE UNITS 
Direct or Belt Drive 

HEAVY DUTY POWER 
EXHAUST VENTILATORS 


Direct drive model shown, also 
supplied with belt drive for high 
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A wide choice of models with auto- 
matic dampers for installation on roof 
curb or top of duct or stack, for venti- 
lation of large manufacturing areas. 
Direct or belt drive. 


SOUTH BEND AIR PRODUCTS, INC. 


temperatures or corrosive air and gas 
handling. Designed for bolting in any 
duct run at any point or at either end. 
Sizes: 16” to 36” fans. 


WRITE FOR CATALOG 


SOUTH BEND, 
INDIANA 
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Super pressures: 


a look back 


As power men today concern them- 
selves with the many problems asso- 
ciated with design and operation of 
steam generation in the 5000-psi 
region, it is interesting to review the 
telling stabs made in this direction 
by men long dead. Early work mak- 
ing a bow toward higher pressures 
can be traced back some 125 years. 
But the technical proposals made in 
those years were hampered by lack 
of suitable materials and the kind of 
technology that goes hand-in-hand 
with development of the art. 

Back in the year 1827, when en- 
gine steam pressures were in a mod- 
est low-pressure region, Jacob Perkins 
in England developed the uniflow 
steam engine operating at 800 psi. 
In connection with this work, Per- 
kins, an American citizen who emi- 
grated to England, successfully used 
steam at 1500 psi. These early steps 
paved a background for the advances 
made in later years. 

The year 1897 is a significant date. 
The opening of Sweden’s Stockholm 
Exposition in the spring of that year 
saw four 100-hp turbines operating 
at 750 F steam and 2840 psi. These 
units were teamed alongside two 50- 
hp turbines fed at 1420 psi. A com- 
plete unit consisted of a turbine 
generator, a boiler with feed pump 
and an air pump. Haunted by boiler- 
tube burnouts, the units nevertheless 
remained in operation for the dura- 
tion of the Exposition, spring to fall, 
1897. The key figure behind the 
design and development of these units 
was Dr Carl Gustaf DeLaval. How- 
ever, DeLaval’s work in power pre- 
dates the Stockholm Exposition by 
many years. 

Having done much work in mak- 
ing the early steam turbine a com- 
mercial success, DeLaval sought for 
further improvements in economy 
through increased steam pressures 
and higher superheats. To eliminate 
the danger of explosion and the need 
for constant supervision, DeLaval 
designed a boiler of small water 
space, in essence a single-spiral tube. 
Thinking mainly in terms of isolated 
plants and small central stations, he 
developed five different size units- 
5, 10, 30, 50 and 100 hp—of which, 
31 units were built. Pressures of 
1400 and 2800 psi were carried. Six 


of the high-pressure units, two of 50 
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TUBE FITTINGS 


e Swagelok tube fittings provide an easily- 


installed, torque-free, leak-proof seal. There is a 
Swagelok Specialist in your area. Write Dept. E7 


CRAWFORD FITTING COMPANY 
884 East 140th Street » Cleveland 10, Ohio 
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(Advertisement) 


PACKAGED POWER 
“FAN-AIR” BURNERS 


A Complete ; 
Combustion te 


System ARTHUR WINIGER 


P. R. Sandwell, President of Sandwell 
and Company Incorporated of Seattle, 
announces the appointment of Mr. 
Arthur Winiger of Zurich, Switzerland 
as a director. Mr. Winiger is the 
Managing Director of Electro-Watt 
Electrical and Industrial Management 
Co. Ltd., of Zurich. The Sandwell 
organization is associated with Electro- 
Watt in the electric power field. 


Mr. Winiger is internationally recog- 
nized in the hydro-electric power 
development and atomic energy fields. 
He is a member of the Swiss National 
4 ; Committee of the World Power 

, a“ Conference, Vice-Chairman of the 

32,000,000 Btu/hr a Board of Reactor Ltd., Wurenlingen, 
ingle Unit . Switzerland, and Chairman of the 
s 9 Board of Atomelectra Ltd., Zurich. 


Completely packaged . . . nothing else to buy or install Write for 


Tested and adjusted for jobsite conditions prior to shipment r’ 
Smooth, noiseless combustion with minimum excess air ower 


Wide turndown range with no danger of flashback REPRINT FOLDER 
More uniform and effective heat distribution 

Natural draft operation during power failures coe giving 

Least expensive installation 

Requires less stack and furnace draft SUMMARIES 


Built to exceed standards of all approval agencies and 


Complete burner shutdown following flame failure PRICES 


Mettler patented spark-ignited rectifier safety pilot, with 
dependable electronic flame safety relay on Power's 


Available with steam, pressure, or ait atomizer for IINFORMATION-PACKED 


burning heavy oils in combination-type unit 


SPECIAL 


Bulletin G-200-B describes exclusive “Fan-Air" 
features, accessories, pilot operation, and major q p T 
specifications of burners ranging from 400,000 ae ' 

to 32,000,000 Btu input. Write for copies, today! Rey bk 

“the most useful condensed 


handbooks in the field.” 
POWER, 330 West 42nd Street 
New York 36, N. Y. 


Gentlemen: Please send me a copy of POWER’s 
“REPRINT FOLDER”. 


THE METTLER CO., INC. 
Division of ECLIPSE FUEL ENGINEERING CO. 
4366 Worth Street, Los Angeles 63, California 
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LOOK BACK 


Begins on page C+117 


and four of 100 hp, supplied the 
electrical energy used at the Stock- 
holm Exposition. For a period of 
about a year, two 100-hp units han- 
dled all power needed at the DeLaval 
Steam Turbine Co shops at Jarla, 
Sweden. The date when this plant 
went into operation, March 9, 1897, 
is said to mark the first time in his- 
tory that power was supplied com- 
mercially by using steam around 3000 


psi. 


were designed for a working pres- 


kept on the work mentions pressures 


TTT 
700 and 750 F. The turbines were TTT 
similar to those used at ordinary f, 


pressures. Turbine wheel carried two 
rows of buckets with stationary guide 
vanes between. This velocity-sagging 
design was developed by DeLaval in 
1889 to better utilize the high-steam 
velocities resulting from high pres- 
sures, 

Although the main turbines, auxil- 
iaries and governing devices appar- 


ently operated satisfactorily, the 
spiral boiler tubes nearest the fire MM 
were subject to burnout. The result- Ui 
harmless because of the boiler’s small TTT 


water content. When opened, the 
tubes always showed a scale deposit 
at the point of rupture, explaining 
the overheating and rupture. After 
the Exposition, a business depression 
temporarily halted further experi- 


mentation. 
umping ahead a quarter centur Klemp has had more than 40 years experience im fabricating and 
q engineering grating recuirements for ‘dustry the world over. 


since the Stockholm Exposition, we 
can mark another milestone in the 


hard climb along the road to super- | « Welded Grakions 


pressure steam. : « Riveled Crating (Steel and Aluminum 
In the spring of 1923, Mark Ben- serra th ) 


son landed in New York City from 9 New RR* alate, Riveled Aluminum Grating 
England with a sheaf of diagrams, 
tables and calculations all related to 
his radical proposal to generate 
steam at the critical pressure of 3200 
psi in a once-through boiler. He 
spoke to P W Swain, then an as- 
sistant editor on PowER. Two lengthy Home Office: i: 
and complete articles appeared short- 6622 South Melvina Avenue “k 
ly (Power, May 22 and 29, 1923). Chicage 38, 
Benson’s announced purpose was 
limitations of his time, it does not 
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TAYLOR 
COMPARATORS 


Help you maintain 
UNIFORM 


pH, 
PHOSPHATE, 
NITRATE 
LEVELS 


Boiler, Condenser, 
Cooling 
Operations 


Accurate, on-the-spot colorimetric 
tests for pH, phosphate, nitrate or 
sulfite made with Taylor Compara- 
tors give you dependable data in 
minutes . . . help you control scaling, 
corrosion, embrittlement or sliming. 


Determinations are made in only 
three easy steps. Every set includes 
complete instructions, all necessary 
accessories and reagents. Complete 
water analysis including silica and 
hydrazine only a little more detailed 
with the Taylor Water Analyzer. 


To determine water hardness 
quickly, yet with ease and accuracy 
of an alkalinity titration, use the 
Taylor Total Hardness Set. 


COLOR STANDARDS ~ 


GUARANTEED. 


Be sure to use only Taylor reagents 
and accessories with Taylor Com- 
parators to assure accurate results. 
All Taylor liquid color standards 
carry an unlimited guarantee against 
fading. 


SEE YOUR DEALER for Taylor sets or im- 
mediate replacement of supplies. Write for 
FREE HANDBOOK “Modern pH 
and Chlorine Control”. Gives 
theory and application of pH 
control; illustrates and de- 

: \ scribes full Taylor line. 


W. A. TAYLOR 


YORK RD. STEVENSON LANE + BALTO..4, MD 


| 


now available...... 


Souvenir Copies 


of Power's 


75th ANNIVERSARY 


= cloth bound 


Ry with your 


SY 


name imprinted 


A “MUST” FOR YOUR LIBRARY 


Send your name and address, with your 
check or money order, to: 
George Keates, Business Manager 


Power 330 W. 42 St., New York 36, N.Y. 
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LOOK BACK 


___ Begins on page C+117 


appear that he planned to operate 
turbines at the critical pressure or 
higher. With cooperation of the 
English Electric Co, Benson was aim- 
ing to provide 1500-psi steam for 
turbine operation. The 3200-psi steam 
would be throttled to 1500 psi and 
superheated before going to the high- 
pressure turbine. 

\n experimental test plant was 
built in the works of English Electric 
at Rugby, England, equivalent to a 
1000-kw commercial plant. Plant 
designers figured the unit would con- 
sume about 28% less fuel than a 
high-grade plant of the same capac- 
ity operating at 250-lb pressure and 
would, in addition, be cheaper to 
build and maintain. 

Benson’s patent covered a wide 
variety of possible methods of opera- 
tion. Their common basic feature 
was the generation of vapor from 
water, mercury or any other liquid 
to a pressure somewhat above the 
critical pressure and gradually rais- 
ing the temperature up through the 
critical temperature. In the experi- 
mental plant in Rugby, feedwater at 
a little above 3200 psi was forced into 
the primary coils of an oil-fired steam 
generator. At a point about 90% 
through these coils, a 706-F tempera- 
ture was reached. At that point, 
water changed to saturated steam. In 
traveling the remaining 10% of the 
primary coils, the steam superheated 
to about 730 F. Next step was a re- 
ducing valve to bring pressure down 
to 1500 psi and reduce the super- 
heat almost to zero. Another set of 
coils superheated the steam to 788 F 
at 1500 psi. It was then expanded 
to 200 psi in a 464-hp high-pressure 
turbine. The exhaust was reheated 
to 662 F and further expanded to 14 
psi in a 1210-hp low-pressure tur- 
bine. 

In order to have something definite 
to work with, the Benson Engineer- 
ing Co prepared a Mollier diagram 
which was based on that of Profes- 
sor Stodola for all points to the right 
of the 1.4-entropy line. This diagram 
was then filled out to the critical point 
by piecing together and averaging 
the results obtained by various in- 
vestigators. The Mollier diagram 
thus prepared was in metric units. 

Siemens of Siemens - Schuckert- 
werke, in Germany, first heard of the 
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‘service to the Power Field 


Built to last the life of 
the equipment it serves 


ALL MERCOID CONTROLS 
INCORPORATE SEALED 
MERCURY CONTACTS 


Write for catalog No. 857 describing Mercoid Controls for pressure—temper- 
ature—liquid level—mechanical movement—also relays, mercury switches 


AG 


3 


f 
THE MERCOID CORPORATION . 
4219 BELMONT AVENUE + CHICAGO 41, ILLINOIS = «© 
321 


SOLVE your 
PROBLEMS of 


—= WATER 
STEAM 
and FUEL 


TREATMENT 


Economically! Dependably! 
with 


WESTERN CHEMICAL 


To preserve your equipment and to keep 
it operating continuously, efficiently, 
and economically, is the purpose and 
end result of the use of specialized 
Western formulas and the individual 
technical service that goes with them. 


Whether your problem is scale or pitting 
in your boilers—corrosion in your steam 
and. condensate lines—scale, corrosion 
or algae growth in your cooling water 
system—sludge in your fuel oil supply— 
soot in combustion areas—or any other 
problem related to your use of water, 
steam or fuel—it can be solved by 
Western Chemical Company. That is 
‘our business and it has been for over 
65 years. 

From this one source you can get the 
benefit of long experience, combined | 
with the most advanced technical | 
methods, to save you the cost of re- | 
pairs, replacements, and service in- 
terruptions. 


RELY ON WESTERN. 


COOLING WATER 
and ALGAECIDE 


MS for BOILER 
POTABLE WATER TREATMENT 
SWEET WATER TREATMENT — 
WESTO BRINE TREATMENT = 


LIGHTNING SCALE REMOVERS 
WESTERN ALUMINA No. 45 COAGULANT 


3 


ONE Source 
for Complete Technical Information 


In the series of Western Technical Bulletins you will 
find the story behind your particular problem — its 
causes and prevention. Without obligation, take 
advantage of this opportunity which can lead to defi- 
nite savings in both costs and headaches. Write 
today for complete information. 


Send TODAY for FREE Literature 
WESTERN CHEMICAL CO., 713 Washington St., Kansas City 5, Mo. 


| am particularly interested in the chemical treatment of: 


Please send me complete information. 


| 

| 

| 
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| 

| 
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FLEXCO 
POWER TOOLS 


CUT APPLICATION TIME 


IN HALF 


Your two man belt team can now join a 
belt 30” wide in 15 to 20 minutes .. . 
using the new FLEXCO Power Tools. 


i 


The FLEXCO Power Tool Boring Bit used 
with electric or air impact tool speeds 
boring of holes. 


iat 


New FLEXCO Templet positions bolts for 
quick joining of belts. Reaching under 
belt has been eliminated. 


Running down nuts is fast with the new 
FLEXCO Power Wrench used with elec- 
tric-or air impact tool. Two Bolt Breakers 
are used together to complete the joint. 


If you are interested in speeding up fastener 
application, order the new Power Tools from 
your local FLEXCO Distributor. Write for 


FIRM 
ADDRESS 
, city ZONE _ STATE 
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FLEXIBLE STEEL LACING CO. 


4651 Lexington Street © Chicago 44, Illinois 
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LOOK BACK 


Benson boiler through Power arti- 
cles running in 1923. Later, the 
company bought the world patent 
rights from the English Electric Co 
and they spent some years getting 
the unit to work properly. Sometime 
after 1929, the unit was operating 
satisfactorily, but well below the 
critical pressure anywhere from 
1200 to 2500 psia depending on load. 
In time, the Benson boiler came into 
wide use in Germany—also in Rus- 
sia under the name Ramsin. We 
don’t know whether it was ever com- 
mercially operated at critical pres- 
sure, but it did operate without a 
drum, making it attractive to steel- 
poor Germany just before the sec- 
ond World War. At that time about 
170 units were running on land and 
sea, 


In April 1892, Power reported that 
oil had been chosen as the fuel for 
the World’s Fair: “By its use, new 
interest will be added to the steam 
generating facilities.” 


TO INDUSTRY and UTILITI 
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(> BOILER FEED PUMP SEALS 
are BRINGING NEW ECONOMY 


It will be worth your while to get full 
information about “John Crane” 
Seals for your high temperature, 
high pressure boiler feed pumps. At 
numerous installations they are setting records in 

the saving of maintenance, feed water and kilowatt costs. 


Get detailed data by requesting our 
Bulletin S-230. At the same 

time we will give facts and figures 

on installations now in operation. 


On letterhead request, 
we will furnish a complete 
layout to meet your pump 
requirements. Give us 
make, model and serial 
number of your pump, 
plus temperatures, suction 
and discharge pressures. 


Important Economies for Other Hot Water Service, Too! 


If you are operating a power plant, boiler room, industrial or 
commercial hot water pump system, Bulletin $-230 can help 
you. Contents include full details on hot water shaft seals 
that offer the same cost savings as boiler pump feed seals. 


Crane Packing Company, 6430 Oakton Street, Morton Grove, III., 
(Chicago Suburb). In Canada: Crane Packing Co., Ltd., Hamilton, Ont. 


SR fr 


MECHANICAL PACKINGS SHAFT SEALS TEFLON PRODUCTS LAPPING MACHINES THREAD COMPOUNDS 


CRANE PACKING COMPANY 
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“Why Not Play Safe And 
Buy Your STACK As 
You Buy Your Car?” 


“Joe, you wouldn’t buy the engine of your car from one 
manufacturer, the wheels from another and the body from still 
another, would you? Neither would I. And when | design for 
induced draft, | specify a P-D Stack because the 1.D. Fan, 
though it is important, isn’t the whole story. The combined 
breeching, stack and fan, built as ONE apparatus, gives me 
unit responsibility, compact design, simplified engineering, 
and positive performance, with a lot less purchasing details. 


“Another thing, I'd rather buy my Dust Collector from the 
same manufacturer that made my Stack and Fan. For this is 
all part of the same system for handling the gas after it 
leaves my boiler unit. 


“There’s nothing like putting all the responsibility on 
ONE manufacturer's shoulders if you can, for then you'll come 
out on the long end nine times out of ten. Buying such equip- 
ment piece-meal is antiquated and costly.” 


You can save a lot of time, trouble and money by purchas- 
ing your Stack and Dust Collector from Prat-Daniel. 
Write for data. 


Project Engineers 


THE THERMIX CORPORATION 


GREENWICH, CONN. 
(Offices in 38 Principal Cities) 
Canadian Affiliates: T. C. CHOWN, LTD., Montreal 25, Que. 


Designers and Manufacturers 


PRAT-DANIEL 
CORPORATION 


SOUTH NORWALK, CONN. 
POWER DIVISION: Tubular Dust Collectors, Forced Draft Fans, 


Air Preheaters, Induced Draft Fans, Fan Stacks 


silencers and 


spark arrestors 


for every industrial, 
mobile and marine 
application 


send for new catalog 


KITTELL MUFFLER AND ENGINEERING, INC. 


| 915 SOUTH SANTA FE AVENUE © LOS ANGELES 21, CALIFORNIA 


AIR 

VELOCITY 

METER 
Instrument 


| Tells Both 


ir Velocity 
Static 


Reads directly in feet per 
minute and inches of water. 


Check all velocities from 
400 to 10,000 F.P.M. 


All static pressures from 
0 to 10” of water. 


Tests fan and blower discharge and inlet pressures, 
pressure drop across filters, balances air condi- 
tioning systems, etc. Complete kit includes dual 
purpose manometer, 18” stainless steel pitot tube, 
Magneclips and all necessary fittings, tubings, in- 
structions and accessories. 


Write today for literature and prices. 


F.W. DWYER MFG. CO. 


P.O, BOX 373-J MICHIGAN CITY, INDIANA 
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PROCESS CONTROL 


Powers is ready to deliver promptly .. . anywhere, anytime you need control 
equipment for process or ‘domestic’ hot water or steam service lines. Over 
70 factory branches in the United States and Canada assure fast delivery from 
local stock. In addition, these branches provide readily available field engineer- 
ing counsel, application engineering, and service training for your plant 
personnel. 

Powers Process Controls are available on an installed basis or as equipment 
only, allowing complete freedom of planning and installation. Call your local 
Powers branch for the full story or write to: 


THE POWERS REGULATOR COMPANY 


CONTROL VALVE 


IF THIS IS YOUR PROBLEM 


If you need effective, highly readable, 
smartly illustrated company literature 
(booklets, pamphlets, manuals) to dis- 
play your products, inform the public of 
your operations, attract key personnel to 
your plant, train employees, and perform 
any of the other communicative functions 
that are vital to your business . 


THIS IS YOUR ANSWER 


The McGraw-Hill TECHNICAL WRITING 
SERVICE has a staff of more than 150 
highly-trained writers, editors, and illus- 
tration specialists whose job it is to create 
technical and general literature for in- 
dustry. We write, illustrate, design, and 
print Equipment Manuals, Product Bul- 
letins, Handbooks, Company Histories, 
Annual Reports, and other specialized 
material. Save money and time. Let our 
staff be your staff for Technical and 
Business publications. 


This service is available through ad agencies. 
Write e Phone 


TECHNICAL WRITING SERVICE 
McGraw-Hill Book Co., Inc. 
330 W. 42nd St., N. Y. 36, N. Y. 
LOngacre 4-3000 
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IMMEDIATE DELIVERY 


OVER SEVENTY POWERS FACTORY BRANCHES 


Dept. 957, Skokie 24, Illinois 


TEMPERATURE 
REGULATOR 


INDICATING 


REGULATOR 


Enlarge YOUR stockroom 


You can custom design storage facilities to suit your 
exact needs—with Equipto Steel Shelving Units. Elimi- 
nate “dead areas” and unnecessary bulk . . . enlarge 
your stocking area .. . accelerate stock handling. 


Available in all sizes, either open or closed . . . 
dividers, panels, label holders, bin fronts, and drawer 
sections may be added or rearranged at any time. For 
further details on shelving and other Equipto products 


| write for free 16 page booklet No. 256, “Short Cuts to 


Greater Profits.” 


W 744 Prairie Avenue 
Aurora, Illinois 
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TEMPERATURE 


STEEL SHELVING .. . PARTS BINS 
. LOCKERS . . DRAWER UNITS . . . CARTS . . . WORK BENCHES. 
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WHERE TO BUY 


Featuring additional products specialties and services for power plants 


STEEL PIPE & TUBING 


@ CHROME MOLY @ CARBON MOLY e STAIN. 
LESS e CARBON STEEL @ VALVES & FITTINGS 
Widest Range of Sizes & Specs in the U. 8. 
WRITE FOR STOCK LIST 
MIDCONTINENT TUBE SERVICE, 

8- 


2308 Oakton St., Evanston, Ill. D 4030 


PAINTING CONTRACTORS 
Specialists in 
Power Plants, Refineries, 
Chemical Plants 
HARTMAN-WALSH 


5078 Easton St. Louis 13, Mo. 


This WHERE TO BUY section is a special classifi- 
cation for manufacturers desiring advertising in 
space units smaller than the minimum run of book 
display space. Space is available in this sectiun in 
units from one to four inches. Each advertisement 
is indexed. For low rates write: Classified Adver- 
tising Division. 

POWER, 330 West 42nd St., New York 36, N. Y. 


PROFESSIONAL SERVICES 


BLACK & VEATCH 


Consulting Engineers 
Electricity—W ater—Sewage—Industry 
Reports, Design, Supervision ef Construction, 

I Valuation and Rates 
1500 Meadow Lane Pkwy, Kansas City 14, Missouri 


BURNS & McDONNELL 


Engineers—Architects—Comsultants 


Kansas City, Mo. Phone 
P. O. Box 7088 DElmar 3-4375 


NO TIME TO EXPERIMENT... 


So why not save time by calling in 
a specialist who knows the ground 
you are exploring. 


POWER, meeting place of power 
men in all parts of the country, 
points the way to the solution of 
many power problems through its 
Professional Service Section. 


SEELYE STEVENSON VALUE & 
KNECHT 
Consulting Engineers 


Surveys Reports Design 
101 Park Avenue New York 17. N. Y. 


J. E. SIRRINE COMPANY 
Engineers 
Power Plant Consultations 
Design Reports 
Water Steam Utilization Plants 


Greenville South Carolina 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 


Design and Construction Supervision 
Mechanical « Electrical « Structural 
Sanitary « Chemical Laberatery 
Business and Economic Research 


New York Reading, Pa. Wasbingten 


LUTZ AND MAY COMPANY 


Consulting Engineers 
Steam, Gas & Diesel Power Station 
Pumping Plantea—Electrice Systems 
Reports—-Design—Appraisals 
1009 Baltimore Kansas City 6, Me. 


STANLEY ENGINEERING 
COMPANY 
Consulting Engineers 


Hershey Building 
Muscatine, Ia. 


208 S. LaSalle Bt. 
Chicago 4, Ill. 


INTERNATIONAL 
ENGINEERING COMPANY, INC. 


Engineers 
Investigations — — Design 
Procurement — Field Engineering 
Domestic and Foreign 


14 New Montgomery St., San Francisce &, Calif. 


CHAS. T. MAIN, INC. 

CONSULTING ENGINEERS 

Design—Constructio Management 
Steam, Hydroelectric & Diesel Plants 


Gas Turbine Installations 
Transmission—Distribution 


Boston, Mass. Charlotte, N. C. 


SWANSON, WRIGHT & CO. 
ENGINEERS LTD. 


Consulting Engineers 


Forest Product Industries 
Thermal Power Plants 
Industrial and Process 


2210 West 12th Ave., Vancouver 9, B.C. CEdar 1154 


THE KULJIAN CORPORATION 


Engineers - Constructors - Consultants 


POWER PLANT SPECIALISTS 
(Steam, Hydre, Diesel) 
Utility « Industrial « Chemical 
1200 N. Bread 8t. Philadelphia 21, Ps. 


PIONEER SERVICE 
& ENGINEERING CO. 


Consulting and Design Engineers 
Purchasing 
Specialists in 
Financing, Accounting Other Operations 
231 So. La Salle St. Chicago 4 


TIPPETT & GEE 
CONSULTING ENGINEERS 


lo—Structural 
Design—Studies—Supervision 
Power Stations—Transmission-—Distribution 
Industrial Plants—Process 
1333 North Second Street Abilene, Texas 


PETER F. LOFTUS CORPORATION 
Design and Consulting Bugineers 
Electrical « Mechanica) Structura) 

Civil Thermodynamic Arehitectura! 


First National Bant Building 
Pittsburgh 22 Pennsylvanis 


SANDERSON & PORTER 
ENGINEERS 


Design 
Construction 


WATER SERVICE LABORATORIES, 


Specialists in Water Treatment 
for Corresion Prevention 


423 W. 126 St. New York 27, N. Y. 


THE LUMMUS COMPANY 


Engineers and Constructors 


985 Madison Ave., New York, N. Y. 
Chicago . . Houston . . London 
Paris . . The Hague. . Montreal 

Caracas . . Bombay 


SARGENT & LUNDY 
Engineers 


140 South Dearborn St. Chicago, Lllinois 


THE J. G. WHITE 
ENGINEERING CORPORATION 


Design-Construction-Reports-Appraisals 
80 Broad Street, New York 4 
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An ‘sdvertictng ~y is measured %” vertically on a column 
—3 columns—30 inches to a page. 
Subject to Agency Commission. 


EMPLOYMENT OPPORTUNITIES 


DISPLAYED 


The advertising rate is $25.00 per inch for all advertising 


——RATES—— 


@ contract basis. Contract rates 


UNDISPLAYED 


$1.65 per line, minimum 3 lines. To figure payment count 5 
average words as a line. Box Numbe 

Position Wanted ads, % of 

Discount of 10% if full payment is made in advance for 4 
consecutive insertions. 


rs—counts as 1 line. 
above rate. 


Not subject to Agency Commission. 
Send NEW ADS or inquiries to Classified Advertising Division of POWER, P.O. Bor 12, N. Y. 36, N. Y. 


ENGINEERS 
ELECTRICAL & POWER 


seniors & juniors 


challenging career 
opportunities in 
U.S. & Latin America 
with 
American & Foreign 
Power Company Inc. 
& Subsidiaries 


ASSIGNMENTS WILL INCLUDE: 
A. Transmission & distribution 
engrg. 
B. System relaying & switchgear 
application. 
C. Short circuit studies & 
calculations. 
D. Metering & voltage regulating 
problems. 
E. Design of Sub, generating and 
switching stations. 
If you have had experience in the Public 
utility industry on any of the above, and are 


interested in joining one of the leading com- 
panies in the field: 


Send complete resume, including salary 
requirements to: 


DIRECTOR OF EMPLOYMENT 
AMERICAN & FOREIGN 
POWER COMPANY INC. 

& SUBSIDIARIES 
2 RECTOR ST. NEW YORK 6, N. Y. 


FIELD SERVICE 


ENGINEERS 


GROWTH OPPORTUNITIES IN 
POWER PLANT INSTRUMENTATION 


New control techniques by the power industry require college gradu- 
ate field service engineers to supervise the installation of computers, 
telemetering, instrumentation and electronic automation equipment. 

If you are a recent electrical or mechanical engineering graduate (last 
2 or 3 years) experienced in power plant instrumentation and proc- 
esses, or with equivalent experience, you will grow from the start with 


this challenging opportunity. 


Immediate openings are in Atlanta, Cincinnati, Chicago, Houston and 
Philadelphia. Full salary and expenses start at the begining of a 
formal concentrated 8 weeks training course at our Philadelphia Plant. 
LEEDS & NORTHRUP COMPANY are Designers—Engineers—Manufac- 
turers of many hundred Load-Frequency Control installations. Produc- 
ers of the world’s first Incremental Cost Computer as well as Controls 
for the official Geneva Atomic Energy Reactor and many other Nuclear 


Reactors. 


Send Complete Resume to WAYNE L. BESSELMAN 


Coordinator of Technical Employment 


LEEDS & NORTHRUP CO. 


Industrial Relations Dept. 
4850 Stenton Ave., Philadelphia 44, Pa. 
DAvenport 9-4900—Extension 285 


REPLIES (Box No): Address to office nearest you 
c/o this publication Classified Adv. Div 
NEW YORK: P. O. Box 12 (36) 
CHICAGO: 520 N. Michigan Ave. (11) 

SAN FRANCISCO: 68 Post St. (4 A 


POSITIONS VACANT 


Designers — Electrical — Piping — Struct... . 
Power Plants and Industrial Buildings, Marbarry 
Corp., 120 Greenwich St., New York City 6, N. Y 
REctor 2-3749. 


Wanted—-Experienced young man capable of 
taking charge of Electrical maintenance, dis- 
tribution and construction, in a medium sized, 
midwest paper board mill, Division of a Na- 
tional Company. Technical background neces- 
sary. Please give complete details in first 
letter. P-5936, Power. 


Service gree wanted. Duties; inspect, as- 
sist with placing in service, observe perform- 
ance and test large, high pressure power boil- 
ers. Requires travel, two or more years tech- 
nical education and two or more years practi- 
cal operating experience with steam generators. 
Salary bases on merit rating, pension plan, 
oppertunity for advancement in rapidly grow- 
ing manufacturing organization. Reply Riley 
Stoker Corporation, Worcester, Massachusetts. 


Watch Engineer for municipally owned electric 
generating plant. Required preparating: High 
School graduate, supplemented by study along 
mechanical engineering lines, preferably with 
one or two years college work, and at least 
five years experience in power plant. P-5877, 
Power. 


MECHANICAL 
ENGINEER 


Personnel Relations Dept. 


Ebasco Services Incorporated, recog- 
nized for over half a century as a leader 

n its field, has staff position open for 
a  edkaaiel Engineer with experience 
in steam electric station operation to 
engage in plant betterment work which 
involves assistance in starting new units, testing, advising and 
consulting in respect to operating problems, improving steam 
plant efficiencies, advising in respect to procedures and mainte- 
nance practices, and related problems. Reasonable knowledge of 
water treatment problems, practices, etc., desirable. 


Substantial travel involved. Salary commensurate with experi- 
ence. Attractive company benefits. 


Send complete confidential resume (including age, 
education, experience in detail, and salary expected) to: 


EBASCO SERVICES INC. 2 Rector Street © New York 6, New York 


ESTIMATORS, ENGINEERS, SUPERINTENDENTS 
FOR CHEMICAL, POWER PLANT, AND PAPER MILL CONSTRUCTION 


Wanted immediately for construction work in Southeastern and Southwestern states: 


3 Topnotch piping and mechanical estimators 2 

4 Field pipe fabrication detailers 

3 Field Engineers for general construction 1 

2 Field Engineers for setting process equip- 3 
ment 

3 Pipe superintendents 2 


Millwright superintendents 

Rigging superintendents 

General Superintendent 

Building construction and concrete super- 
intendents 

Boiler erection superintendents 


Forward resume of experience, education, and personal background together with 
salary level and references. 


P-5898, POWER, CLASSIFIED ADVERTISING DIVISION, P.O. BOX 12, N.Y. 36, N.Y. 
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NATIONAL 


EMPLOYMENT OPPORTUNITIES 


ENGINEERS 


If you have been looking for an Employment Agency 
that is skilled in the STATE OF THE ART of 
FORMATION concerning position 
pameete with us at once! ALL POSITIONS FEE 
FIDELITY PERSONNEL 
1218 Chestnut St. iia. 7, Pa. 
Specialists in Aviation, Electronics Pe Nucleontes 


NORTHERN CALIFORNIA 
Sales engineers established 25 years with own 
shop and warehouse want automatic control, in- 
strument or mechanical equipment line. Calling 
on industry engineers, contractors and govern- 


ment. 
PAUL W. BEGGS & SON 


314 Seventh Street, San Francisco, California 


MAINTENANCE ENGINEER 


Paper Converting Firm in N.E. U.S. has position 
for recent graduate Mechanical Engineer to head 
maintenance of a converting division. Challeng- 
ing position with excellent prospects for advance 
ment 

In reply include complete resume and desired 


salary. All replies confidential 
P5710 POWER 
P.O. Box 


Class. Adv. Div., 


N.Y. 36, N.Y. 


UNDISPLAYED RATE: 


$1.65 a line, minimum 3 lines. To figure advance payment count 5 aver- 


age words as a line. 
PROPOSALS $1.65 a line an insertion. 


BOX NUMBERS count as one line additional in undisplayed ads. 


DISCOUNT of 10% if full payment is made in advance for four consecutive 
insertions of undisplayed ads (not including proposals). 


POSITIONS VACANT 


Tests & Results Engineer—Graduate in Mechani- 


cal Engineering. Duties include in setting and 
anatysis s of major equipr ent in one of our 
major ger ting statior lease ; i a resume 
incluc n, experien a recen 
photograph and salary requirements to: J. L. 
McAdam, Personnel Dept., Illinois Power Com- 


pany, Decatur, Illinois. 


SELLING OPPORTUNITIES OFFERED 


wet equipment manufacturer de- 
North and South Carolina and 


G orgia RW 3 P wer. 


Established manufacturer with complete line of 
it, fue 


water tre atr n 


1 treatment and s ot _re- 


England and Mid t areas. E 
tunity for men with al lied lines a lowin 
in industrial power plants. High Commissions 
RW-465 Ne 

’ wer 


re rr ed 


pos sition in modern 
station. PW- 5888, Power. 


POSITIONS WANTED 


Plant Engineer—Desires position for progressive 
Plant betterment on long range program. 
grated experience Power 
Utilities, Budgeting, 
Power. 


Administration. 


Wanted: Position as op erating engineer or boil- 
er operator in modern steam power plant, pref- 
erably in ¢ 
1ge 36, n 


> or Indiana. 15 years experience, 


Age 36, married, 12 years experience in 


THIS EMPLOYMENT OPPORTUNITIES SEC- 
TION offers a quick, effective solution to 
your manpower probli B its 
readership is confined to just the type 
cf men you need, waste circulation is 
avoided. 


DISPLAYED RATE: 


The advertising rate is $17.90 per inch for all advertising appearing on other 


than o contract basis. Contract rates quoted on request. 


AN ADVERTISING INCH is measured % inch vertically on one column, 3 
columns—30 inches—to a page. 


EQUIPMENT WANTED or FOR SALE ADVERTISEMENTS acceptable only in 


Displayed Style. 


Send NEW ADVERTISEMENTS or Inquiries to Classified Advertising Div. of Power, P. O. Box 12, N. Y. 36, N. Y. for October issue closing September 20th 


HIGH PRESSURE TURBINE-GENERATORS 


IMMEDIATELY AVAILABLE 
1—12,500 KW 350 600 Deg FTT, 13,800 V 
1—10,000 KW at 70% P.F., 600 PSIG, 750 Deg. FTT, 12,000/13,200 V. Installed 1947. 
1—2500 KW 80% P.F. 250/400# Aut. Ext. 504 Condensing, 3/60/13800. 
1—3000 K.W. 400# Condensing, 3/60/2300/4160. 


Complete with Surface Condensers and all Auxiliaries. 


CHARLES WEAVER 
19701 James Couzens Highway, Detroit 35, Michigan 


Telephone: Broadway 3-1901 


inquiries. 


+PRANSFORMERS- 


BOUGHT AND SOLD 


We carry a large stock of rebuilt and guaranteed transformers, and invite your 


Custom-built transformers and coils manufactured to your specifications. 


Expert Repair Service—all makes and sizes of transformers rewound, repaired and 
redesigned. Ask for our price schedule. 


THE ELECTRIC SERVICE CO., INC. 


5318 Hetzel St. 


45 Years’ Dependable Service 


Cincinnati 27, Ohio 


TURBO-GENERATOR 


2500 KW Whse. Cond. 3/60/2400 V. 
3600 RPM 400 PSIG 750° 

2000 KW AI.Ch. Cond. 3/60/600 V. 
3600 RPM 400 PSIG 750° 

2000 KW Whse. Cond. 3/60/2400/4150 
3600 RPM 240/400 PSIG 750° 

1500 KW Ell. Cond. 3/60/2400/4150 V. 
3600 RPM 400 PSIG 750° 

300 KW G.E. Non-C. 3/60/480 V. 
3600 RPM 150 PSIG 5xBP 


Full line power equipment 


BREW, WOLTMAN & CO., INC. 
50 Church St., New York 7, N. Y. 
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Inte- 
and Related Plant 
PW-5134, 


n Ohio license, best of reference. 
Write to: Harold Kern, 416 So. Spring, Bucyrus, 
Ohic 
wer ‘Plant Watch Engineer, 30, 000 KW Plant. 


ases of operation and maintenance. estes 
high pressure steam-electric 


: 
ing estaDiis itact n thi field and with 
: Consulting Engineers for New England States 
FY and Central New York. Replies nfidential 
é RW-5757, Power. 
BUSINESS OPPORTUNIT MENT-USED or RESALE 
4 
‘ 


SEARCHLIGHT SECTION 
BELYEA-RE-NU-BILT GUARANTEED REBUILT POWER EQUIPMENT 


LARGE ELEC. POWER EQUIPMENT HERE'S A WIDE SELECTION FROM OUR GIANT STOCK 
SELECTED STOCK ITEMS 
RE-NU-BILT—GUARANTEED—RE-NU-BILT 

SLIP RING SQUIRREL CAGE MOTOR- 


D.C. MOTORS WITH M.G. SETS & CONTROLS | 5 pias MOTORS 400 volts MOTORS GENERATOR SETS 
PACKAGE DRIVES IN STOCK (*2200 volts er higher) 3 Phase, 60 Cycle, 220 or 440 Volts Make Ac. D.c. 
Make Type §$ (*2300 volts or higher) 600 
Make ype eed Westg. 6600/4160 
1—2250 HP Elliott 300 V. 200/300 RPM De Motor G. Speed -E. a oe 
with 2400 KW GE MG Set. 300 V. DC 2300 sAl- — 4160/2300 250 
4600 V. 450 RPM 3 ph. 60 cy. 600 = vee 
1—1375 H.P. G.E., MCF, 415 V, 1300 KPM D.C. 
motor with 1100 KW G.E. MG Set 415 Vv. DC, 
2300/4000 V, 720 RPM 3 ph 60 cycle. 


1—1200 HP G.E. MPC, 600 V, D.C. Motor, 450 
RPM, and 1000 KW, G.E. M-G Set, 600 volt 
DC with 1400 = 8 PF, Synch. Motor 13200/ 

cy. 


= > 

i>} 
m 


440 250 

2300 250/275 
2300 (4000 
2300 


=a 


6600 volt, 3 ph. 


= 
2s 
>> > 
PEP 
Ommss mmmo 


-E. 600 150 440 
A. C. MOTORS—3 Ph. 60 Cy.| i | co 


SLIP RING 


Type Volts Speed 
M-579BS 4800/2400 1800 
MT 69 87 
SF806S 4800/2400 
MT-573 2200 
D.P, 2300 
W-432D-15 440 

cw 550 


Reliance 

Ideal 

Westg. 

Wests. 

G.E. 

G.E. 

Westg. 

G.E. 440 
ij 1 ogue-G.E. 

CcS-771 Cont. 800 220/440 

w (2) CS-761S8 ostg. 
-Wh. (2) Size 5QR Ideal 440 

G.E. K-558 100 


h. AN 
CS 5075 TEFC DYNAMOMETERS 


Make Type Speed 


440 
T1ISR 208/406 
IM-17A 440/2200 
CW- 


MT- 4: 24¥ 
SIZE-290 


IM 
IM 
MT-557Y 
CW30E17 


SQUIRREL CAGE 


23 


G.E. Cr. TLC-20 2700/6000 
G.E. 3 Cr. TLC-50 2500/5000 
Westg.-Bk. SK-151 1350/4000 


900 
59AY 36 -Ch. 200 
‘8-12 5 "SLIP RING 00 *G.E. KF-556 900 PLATERS 
0 2 75 G.E. (2) 
3-142 0 2300/4150 600 
2200 AMP MAKE 
Crane & Hoist Service 75 G.E. K6- 
6/12-220/440 
1500/750 Chandy. —12/24-220/440 
1500/750 Chandy. /12-220/440 
1000/500 Chandy. 12/24. 220/440 


2300 
Ts 2300 MOTORS TRANSFORMERS 
M-G SETS—3 PH. 60 CY. DIRECT CURRENT 

pc AC SYNCHRONOUS 1000 Wagner (3) Oil 
2000/2400 450 5 MOTORS Rel. (2)  1400T 833 GE. (3) 
2100/1750 G.B see 3 Phase, 60 Cycle, 220 or 440 Ch. (3) 

5 h. M 500 


(*2300 volts or higher) 
6600/13200 Make Type P.F. G.E. new (1) 
HG G.E. (3) 


Vy 


> 


SYNCHRONOUS 


ATI 2240/6 
3501-SL 1380/6900 
ATI 


6600/13200 
6600/13200 
6500/13200 
2300/4600 
440 
2300 
2300 
2300/4600 
2300 
2300 
550/2300 
440 
2300 


TRANSFORMERS "Elec. Mehy. 


Type Pw. Voltages Elec. Mehy. 
oIs 33000x2300 


333 Al-Ch. (3) 
Wests. 


Chg. El. (3) 
Al. Ch. (3) 


jeff. 2 
Moloney (2) 2300- 220/110 
2300-115 
2400- 120/240 
400-575 
2400- 120/240 
400 - 120/208 
West. (3) on 
iT 10/240 
SK-121 / 50 West. (2) Oil 2300/ 1150-118 


< 


<2 


mmmm 


sc 
sete ; , saan First Source for 47 Years for Quality Electrical Equipment 


1 
13800x460 
l 


Ul 1380016900 
KUHL 4800/2400x lectric Co 
240/480 e 
Al. Ch OISC 1 2300x230/460 


1320 W. CERMAK RD. CAnal 6-2900 CHICAGO 8, ILL. 


CHANGER SETS 


req. Voltage 
50/60 660/11000/6600 
25/6 2.5 2300/2300 

58 3 4400/2300 


ing POWER PLANT EQUIPMENT 


SPECIAL OFFERINGS 
TURBO GENERATORS 


1—300 KW—480 volts—210# Condensing— 
Kw Make Dese TURBO GENERATORS Auto Extraction—40+ 
10000 Whee. Condensing 650 Ibs. 750 1—7500 KW 2400/4160 volt Condens:ng— 
FT T. Burface Condenser 400#—700° FTT. New 1949 1—250 KW—240 volts—130#—Non-Cond. 10 
r. J ~ 
5000 G.E. Auto "Extrastion Condensing 1—3500 KW _ 2400/4160 volt Condensing— 12% Back pressure 
650 lbs. 750° F.T.T. Auto. 4002—700° FTT. New 1941 


1000 Mowe «Aste, Bri j 1—1000 KW—240/480 volt—130/2504 Cond. TRANSFORMERS 


face Cond —3/60/2300. Auto. Extraction—1!5—New 1945 
= ae eae 1—1000 KW 480 volts—225+ Condensing— 1—500 KVA 4160/480 V. Pyranol 3 ph. 


Auto. Extraction—20# 3—1667 KRH—13800/600 volts New 1948 
BELYEA COMPANY INC. A. LEE ELLIS CO., U.S. Machy. Bldg., 140 Federal St., Boston 10, Mass. 
43 Howell St., Jersey City 6, N. J. 


THE BUYERS MUST BE SATISFIED—ALWAYS 
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ae 
U Wesig Z 
200 *Westg. Cc 
150 r.-Wh. 2500 «125/250 
Pin 2300 275 
125/250 
275 
125 
288 
; 200 *G K 3) BUU 4 3UU 
1308 200 G.E. 1K-16 1200 100 Elee.-Mach. 440 128 
lu. HP Make G.E. IM | 200 *Al-Ch. ANZ-TEFC 900 100 G.E. 440 125 
1750 Ai-Ch. ARY-223C 1200 200 *Westg. CS-930A 900 90 G.E. 220/440 125 
1500 G.E. MT-356 900 200 GE_ (2) KF-5648_720 75 GE 440 125 
1100 BB Ai-Ch. ANY-26F goo | 200 * 250 
750 +G.E. Al-Ch. ARY 720 200 
700 Al. Ch. G.E. MT-352 720 | 200 
600 Whse. G.E. MT-556 720 | 150 125 
500 Whee, G.E. iM 600 150 125 
400 Whee. 514 Ai-Ch. ARY 1200 | !50° 
350 Cr. Wh. 1765 G.E. MT-546 ©1200 | 150, 
350 720 °6.E. MT-536 1200 150 125 
350 Whee. "Wests. CW-762C 900 230 
720 estg. Cc 1800 
250 Cr. Wh. 4000 257 Ge. IM-11A 1800 250 
250 «G.E. 2300 350 *Ai-Ch. ARY 1200 !25 (28 
250 AC. 550 600 Wests. CW-636A 1200 125 
200 «GE. 2200 580 °G.E. MT-536 1200 | !25 
200 QE. 2200 435 Wests. CW-658-A 900 | Wes 
200 «GE. 2200 1760 G.E. MT-336 900 | °West 
150 Whse. 2300 435 G.E. MT-346 720 100 °G.E. : 
Al-Ch. ANY -26F 600 100 G.E. FTRP-543 1800 125 
G.E. IM 450 100 Al-Ch. ARZ-826FS 1200 150 
GE. MT-532 1200 100 *Westg. CS-760D 1200 
1 7000 GE. 
1 
oil 13800-460/ 
RC-34 250 
373 Ol! 13200-2400 
» MCF 380/1000 Oll 2400/4160- i 
CMC 700/1100 480/240 
(2) SK-150 350/1000 150 Alr 2300-110/220 
CCM-504 450 106 Oil 2400-240/480 
(2) 
(2) 
TS-7641 | 514 20 Star 
$-6214 | 277 15 Weste. 
ann 10/15 Reliance 
lu. KVA Make i 240 10/15 Wests : 
3000 GE. 
1500 
1000 GE. 
750 GE 
333 
500 
500 
200 
Qu. 
1 5000 G.E 
2 2590 GE. 
1 1000 GE. 
1 Al. Ch. 
1 200 
Qu. 
1 
1 2 
1 


SEARCHLIGHT SECTION 


look for the WAGNER 
GREEN TAG CERTIFICATION 


Mfr. Type Volts 
G.E. dynamom. TIA’ 250 1 
G.E. dynamom. TLO-74 1 


3/60/4160V. to 480V., like new. 


THOUSANDS OF 
MOTORS & 
GENERATORS 
IN STOCK 


AC & DC 


Speed 
150/250 
150/3500 

500 


2: 850 
100 Reliance 550 1000/1600 
100 Elliott b.b. T.E. JH-FE 230 0 
75 Reliance (3) 985-T 230 450/1200 
60 G.E. TEFC b b. CD-135 230 1150 
50 Century DN-514 230 1150/1750 
50 Gen. Elec CcD-95 230 1800 
50 Star b.b SQ-92 230 
500 CD-125 230 400/1200 
50 G.E. RF-16 230 250/1000 
40 E. (2) 230 1750 
35 3.E. plar 23 30 50/1000 
‘MOTOR. GENERATOR SETS 
KW Input Output V 
600 itis Ch. 2200 / 250 DC 
200 Whse.* 220/440 AC 55 DC 
200 «Gen. Elec.* 220/440 AC 125 DC 
200 §=Whse. 2300 AC 250 
200 «GLE. 29 200 440 AC 600 Dé 
175 Gen. Elec 250 DC 
125 Gen Elec.* 2% 250 
100 Elec.*(2) 220/440 AC 250 D 
75 GE 220/440 AC 125 DC 
75 Ideal synch. 220/440 AC 250 DC 
60 Allis Ch. 220/440 AC 250 DC 
50 Gen. Elec. 220/440 AC 125 DC 
50 Wh. b.b. (2) 220/440 AC 250 DC 
25 Whse 22)/440 AC 250 Dé 
c. GENERATORS 
KW Type Its Sneed 
00 600 1150 
150 Whse 1150 
150 Cr. Wh 650 
100 Delco b.b 1200 
100 Allis Ch 1200 
100 Reliance 1200 
75 Gen. Elec 1200 
60 Allis Ch. (3) 1500 
Ideal 1150 
Allis Ch 50 1890 
TRANSFORMER 300KVA Penn. ony type, 


It’s your guorantee that the 
equipment you buy is as per- 
fect in workmanship as the 


ON LOCATION 


MODERN POWER PLANT 
1875 KVA WORTHINGTON MOORE 
TURBINE 400 PSI, 700°F Condensing, 
driving 2300 Volt CROCKER WHEEL- 
ER GtNERATOR 25000¢/Hr. 450 PSI, 
738°F, Coal Fired BOILER; includes all 
auxiliaries, controls, 25 Ton powerhouse 
crane and coal handling facilities. 
(Will sell boiler or generator set 
separately ) 


3 PPM VAPOR EVAPORATOR 


HP Type Volts Spee 

500 on Sq. Cage 4000 1800 

500 Whse. Slipring 2200 450 
hse. 

400 Marathon (2) Sq. Cage 2200 3600 

400 =Whase. Sq. Cage 2300 900 

400 G.E. (2) Slipring 440 900 

350 «GLE. q. Cage 2200 1800 

350 Cont. b.b Slipring 2300 900 

3f E. Slipring 440 1200 

350 = Allis Ch Slipring 2200/4000 

300 Slipring 2200/440 600 

300 (2) Synch. 2200/440 350 

300 Whse Sq. Cage 2200/440 720 

300 Synch. 440 1200 

300 Slipring 440 450 

250 Ideal Slipring 2200 900 

250 Sq. Cage 3200/ 440 1200 

250 Gen? Elec Sq. Cage 440 3600 

250 3.E. Slipring 220/440 720 

250 Gen. Elec. Synch. 220/440 450 

250 Whse. Slipring 440 1200 

250 «GLE. Sq. Cage 2200 1800 

225 Synch. 220/440 900 

200 Reliance b.b. Sq. Cage 220/440 =1800 

200 Allis Ch. Slipring 440 450 

200 Allis Ch. Slipring 2200/440 720 

200 Cr. Wh Sq. Cage 

200 Whse. Sq. Cage 

200 «GLE. Sq. Cage 

175 G.E, (2) Synch. 

150 El. Machy Synch. 

150 G.E. (4) Slipring 

150 Cr. Wheeler Sq. Cage 

150 G.E. Slip Ring 

150 G.E. (2) Sq. Cage 

150 Allis Ch. b.b. Sq. Cage 

125 Whse. TEFC Sq. Cage 22, 

125 G.E. TEFC Sq. Cage 220 

125 Ideal Slipring 4000/ 2200 

100 Al. Ch. TEFC Sq. Cage 2200/440 720 

100 Smith b.b. (6) Sq. Cage “220/440 1800 


. . . all sizes and types up to 
1000 H.P. . . . all covered by the WAGNER 
guarantee. 


1435 W. RANDOLPH 
CHICAGO 7, 


ILLINOIS 


GRAHAM 8700 to 15,000 lbs./hr. com- 

plete with all auxiliaries. New 1954. 
BO.LERS 

400 HP B.&W. (Stirling) 160 PSI Oil/ 

Gas fired, ASME, New 1947, (2) 

Comb. Engrs. M-2 Package 175 HP— 

275 PSI oil fired (3) 


PARTIAL LISTING ONLY 
SEND US YOUR INQUIRIES 


GENERATOR SETS 
500 KVA RATHBUN JONES Gas En- 
gine Set 3/60/2300V 
540 KW—DC—120/240 Volts 
Turbine 200 PSI 
125 KW G.E. 2300 V 3/60/514 RPM 
WORTHINGTON Gas Engine 5 KW 
Exciter and Panelboard 

SYNCHRONOUS MOTOR 

700 HP, 4150/2400V. 514 RPM. 


HEAT & POWE 


Steam 


% 
Co., 
Inc. 


POWER EQUIPMENT DIVISION 


60 EAST 42nd ST. 

NEW YORK 17, N.Y. 

MUrroy Hill 7-5280 
2) 


310 THOMPSON BLDG. 
TULSA 3, OKLAHOMA 


Diamond 3-4890 


H.P. 


Years 


Dependa ble Service 


SLIP RING MOTORS 3-Ph., 60 C 
Volts Make 
4000/2300 G.E. 600 
440 Whse. 514 
2300 7. B. 900 
4000/2300 Whase 720 
4000/2300 G.E. 720 
2200 G.E. 450 
4000/2300 GE 720 
230 G.E. 900 
440 G.E. (hoist) 600 
440 Whae. 3600 
4000/2300 G.E. (hoist) 600 
2300 G.E. 600 
2200/440 720 
220/440 Whse 720 
2200 G E. 600 
440/220 G.E 720 

SYNCHRONOUS MOTORS 3-Ph., 60 Cy. 

Volts Make Type R.P.M. 
2200/440 G.E. ATI 720 
2200 Whse G 900 
440/220 El. Machy Syn. 1200 
2300/400 G.E. 720 
2200/440 G.E. TS 1200 
440/220 G.E. Ts 720 
440/220 Whse. HR 400 

SQUIRREL CAGE MOTORS 
Volts ake a ed 
2200/4000 Elliott 1800 
2300/440 31.E. TE K 1200 
2200 G.E. Fr 3600 
2300 ort L. Allis Fs 1800 
4 G.E. KT 720 
G.E. KT 1800 
3.E. KT 
KT 720 
G.E. IE-K 1200 
Whase. X-prf 3600 
Al. Chal. AR 1800 
G.E. KT 720 
KT 600 
G.E FT 1200 
Whse X-proof 720 
00 
4000/2300 » Allis ( 1200 

2300/440 hse. 


A. C. GENERATORS 
1—320 kva, 660 rpm, 2300/440/220 V., 
1—360 kva, 900 rpm, 2200 V., Whse. 
1—225 kva, 60 rpm, 220/440 V., G.E. 
1—187 kva., 1200 rpm, 2200/440 V., Whse 

CIRCUIT BREAKERS 
9—1600 amp ITE, 3 pols, 600 V. 
6—FKB-155-28, 600 amp., 15,000 V. 


G.E. 


G.E. 


1—400 Amp., Condit. 3P, 25 KV outdoor 
1—400 Amp. R. Smith, 3P 7.5 KV outdoor 
Cc. MOTORS 
H.P. Volts Make Type Speed 
225 230 Whee. SK 1800 
200 230 Cr. Wh CMC 1200 
150 230 Dyn 600 
125 230 850 
MOTOR. GENERATOR SETS 
Input V., Motor Output V., 
Make AC Type oc 
Whee. 2200 Sq. Ca 125 
G.E. 440/220 Syn. 250 
G.E. 440 Sa. Ca 50/125 
3.E. 2200/440 Syn. 350 
2200/440 250 
"TRANSFORMERS 60 Cy. 
3—500 kva, G.E., 13,800—300 V. 


3—333 kva, G z., 13,800—2300 V. 

3—333 kva, G.E., 13,200—480 

2—300 kva., G.E., 4150—240 V., Pyr. 
3—200 kva, Whse., 4600/2300— 330/115 ¥, 
1—200 kva, G.E., Pyr. 


3—150 kva, G.E., 

3—100 kva, G.E., 2400—240/480, V. New 
3—100 kva, G.E., 2400—120/240 V., Pyr. 
6— 50 kva, G.E., 13800—120/240 V. 


only partial listing 


stepHEN HALL co. 


HARRY J. RICE, Pres. 
625 ADAMS ST., HOBOKEN 2, N. J. 


FOR SALE 


BUCKET HANDLING 
BRIDGE CRANE 


60’ Span—2 Yard Capacity, Mfg. 1948 by 
Whiting Corp., Condition Excellent, 220/ 
440 Volt A.C. With Keisler Bucket. Also 
235’ Runway Available. 


ARNOLD HUGHES COMPANY 
2765 Penobscot Bidg., Detroit 26 
WO 1-1894 


FOR SALE 


NEW CHROME NICKEL STEEL 
BOILER FEED PUMPS 


Pump Model—Worthington, 5 UFD, 6” suc- 
tion, 5” discharge 


Pump oy ae, to 700 GPM at heads 1600 
to 2100 feet 

Turbine Model—Westinghouse size CC22, 212” 
inlet, 512’ exhaust. 

25% OF NEW COST 
MARITIME POWER CORP. 
39 Broadway, New York 6, N. Y. 

HAnover 2-3967 
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SEARCHLIGHT SECTION 


MODERN 400 LB., 750 DEG. TURBINE-GENERATOR 
WITH A 66,000¢/HR B&W BOILER 


THE ABOVE 3750 KVA GENERAL ELECTRIC IS IN VERY GOOD CONDITION TURBINE £43103 GENERATOR 25406647 3/60/2300/ 
4160V DIRECTLY CONNECTED EXCITER. COMPLETE WITH SURFACE CONDENSER, SWITCHBOARD, AND ALL AUXILIABIES. 


ALSO IN STOCK 

1—12,500 KW 350%, 600 DEG., 13,200V 

1—10,000 KW 600%, 750 DEG., 12,000/13,200V 

1— 2,500 KW 250/400% 13,800V, Automatic Ext. 50% 


CHARLES WEAVER 


19701 James Couzens Hwy. Tel: BRoadway 3-1901 Detroit 35, Michigan 


FOR SALE MISS POWER EQUIPMENT SAYS, 
TURBO GENERATORS “For BIGGER SAVINGS and BETTER | 
Two One Thousand KW General Electric Turbo SERVICE, Get Our BARGAIN PRICES~ 


Generators with Jet Cond s and Appur 


on foundations. Can be seen in operation with load. on Guaranteed New and Rebuilt Motors” 


A_Machine B Machine SQUIRREL CAGE MOTORS 
Zunine No 22149 22189 NEW AND GUARANTEED 
1000 1000 
RPM 3600 3600 REBUILT 
Form A B 
Steam Pressure 175 Ib 175 Ib 
Condensing Condensing 
Generator No 3555822 
Type A 


» 
= 

< 


eo 
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Installed New 
Maintenance 
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CASH 


FOR YOUR 


For other information write: 


Carl W. Fuehrer, Borough Mgr., Ephrata, Pa. 

West. SSB Open CS-607 

West. SSB Open cs 

A.C. SB Open 

2200 Volt ARX 

F.M. BB QSZ-505 
TEFCBB ARZ 


° 
$$ 


oo 


A.C. 
West. 8.S.B. Open 
West. S.S.B. Open 
00 G.E. S.B. Open IK SEND YOUR 
West. B.B. LIST 
L.A. T.E.F.C. 8.8. TODAY! 
X-504 


Bo 


TRANSFORMERS 


3—500 KVA, 1/60/2300-4000Y to 230/460 
Westinghouse OISC, with taps 
3—833 KVA, 1/60/34500/460 Moloney OISC, 


with 
3—677 wy 1/60/33000/460 Moloney, OISC, 


Type 

1—300 KVA, 3/60/4160-240 Wagner, type 
HPB-ITE Unit Substation 

1—200 KVA, 3/60/4160-240, Wagner, Type 
RPB-ITE Unit Substation 


Electrical 
607 Equipment 


SZ 


mmm gms 


e:: 


changing our stock, can fill your requirements at any time. Send for 


| FREE CATALOG. This is a partial listing. We are continually | 


our free catalog. In Stock, fractional horsepower up to 500 


CASH Large line of motors, Control Equipment, AC and DC Generators. MG sets and 
For Surplus Electrical Equipment transformers PHONE or WIRE us COLLECT 


BENSON-WILIMZIG, INC. POWER EQUIPMENT CO. 


8 CAIRN STREET PHONE GEnesee 5629 P.O. BOX + ROCHESTER 2, H.Y. 
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| 
~ 
1800 
CS-607 1800 
1800 
1800 
1800 
1200 : : 
KVA 1250 1250 300 1200 = 
RPM 3600 3800 = 
Form 
Amps 314 314 300 2 
PF. 80 oe 250 720 
KW 1000 1000 600 
Phase = 00 
: 3 
Voltage 2300 2300 Open KT-343 1800 
Field Amp B. Open N-505 1800 
Open 
1200 
12 
1200 SURPLUS 4 
1800 NEW & 
LADD 4 
CS-876C 900 
BB K-6328 3600 : 
B XP K 3600 I 
K 1800 
Open 
CS 1800 3 
S.B. Open 1K 1800 
$.S.B. Open 
CS-772C 1200 ; 
S.B. Open 'K 1200 
S.B. Open KT-558 900 
S.B. Open 1K 720 
BP Onen 720 
: 


SEARCHLIGHT SECTION 


face of 2,005 S.F. and a nominal rating capacity 
of 201 H.P. Each boiler known as the Babcock and 
Wileock Company—Class A ani having a width of 
15 tube section and a furnace width of 7 feet 6 in. 
The heating surface of each boiler consists of (3) 
three steam and water drums and a mud drum. 
Steam drums are 36 in. in diameter by 10 ft. 554 
in. long and a plate thickness of 5%”. Mud drums 
42” in diameter—9’ 2/2” long and 23/32” plate 
thickness. Each boiler constructed for steam gauge 
working pressure of 160 Ibs. per sq. in. 


THREE Stoker Drives for Stirling type A-15 
boiler-nominal rating 200 H.P., Evaporation aa, 
Ibs. of water 212° F. per hour per B.H.P. 


ONE Coal Bunker and Coal Equipment. Bunker 
capacity 225 Short tons. Plate thickness ‘4 in. in 
copper bearing steel. Coal conveyor capacity 30 
tons per hour. Elevator booth %” steel plate. 
Flight conveyor chain, Driver flights 5” by 12” 
by '4” steel plate. Conveyor complete with foot 
walk and pipe rail. Driving mechanism and (2) 
two electric motors—(3) three phase, (60) sixty 
cycle, (220) two hundred and twenty volt A.C. 


Buskers & FOUR Ash Hoppers capac- 
%” copper bearing steel with lining 

vitvities ‘brick. ONE Coal Elevator, continues 
bucket type 11” by 12/2” by #8 plate. 


TWO Forced Draft Fan Units (One #4 & one #5 
double inlet American High Speed fans)—Capacity 
2500 C.F.M. against ap static pressure at a maxi- 
mum speed of 1,500 R.P.M. 


ONE Steam Turbine 30 H.P.—1,500 R.P.M., 135 
ibs., gauge pressure against 5 Ibs. back pressure 
for driving fan turbire unit. Type ‘‘2'’—2” Terry 
Steam Turbine Unit. Complete duct system for 
above fan unit. 


Smoke Breeching for breechings #8 U.S. gauge 
inside building, with clean-out doors 24” by 24”. 


Automatic Combustion Control. ONE Carrick mer- 
cury actuated master control with mercury reser- 
voir and float set. +4 Carrick Auxiliary controls. 
#4 Carrick Efficiency regulator. £5 Carrick Ad- 
justable Chronometer valve. #5 Electric Rheostats. 


INSPECTION & PURCHASE OFFERS INVITED 


SCRANTON PUBLIC SCHOOLS 
Administration Bldg., 425 N. Washington Ave. 
Scranton 10, Pa. 


BOILERS & HEATING PLANT EQUIPMENT 


FOUR Stirling Boilers each having a heating sur- 


#4 Combustion Indicators. Miscellaneous brass 
valves, piping, shafting pulley and operating de- 
vices. 


Feed Water Heater—*#1 Cast Iron Ronrestion Feed 
Water Heater 40,000 Ibs. per hour. 1,333 H.P. 
complete with regulating valves, inlet float, valves, 
multiport relief valves, blow-off va've, gauge glass, 
thermometer, oil separator over flow and vent con- 
denser. Venturi size 2/2 ‘‘V’’ minimum capacity 
100 H.P. maximum 1,500 H.P., 2/2”  entu i tube 
2’3” long type “M’’ register indicator and re- 
corder. centrifugal boiler feed pump ca- 
pacity 100 C.P.M. head 400’ water at 210 F. 


Hot Water Storage Tank. ONE oe lined Stor- 
age Tank 48” by 192” 1, gal torage capacity 

A D +16 gauge shaped 
seamless drawn copper tubing. 


Instantaneous Type Water Heater. ONE 20” by 61” 

copper water tube 225 lineal feet [2 0.D. #16 
auge ‘‘U"’ shaped tubing. Patterson-Kelly Water 
eater size 9-D. 


ONE Hot Water piretetion pump centrifugal, 

gal. Per. Min. 20’ friction head, Motor %4 H.P., 
Sauirrel Cage 1750 R.P.M. 220 volt, 60 cycle, 3 
phase 


Pump & Receiver Unit Condensation tark steel 25 
Ib. pressure with motor 34 H.P., 3 Phase, 60 
eycle, 220 volt, Squirrel cage 1.720 R.P.M. Com- 
plete with float mechanism. pilot switch and auto. 
matic starter. Capacity of Unit 12 Gal. Per. Min. 


FOUR Soot Blowers. Soot Blower Equipment tor 
(4) four boilers with monel metal valves ‘Irme tes 
of calorized metal nozzles and tubes and tubes 
and piping of extra heavy 250 Ib. working pres- 
sures and valves. 


FIVE Gauge Board. One black marine finished. 1” 
thirk slate gauge board with two 8'2”, dial indi- 
cating steam gauge 0 to 200 Ibs. and three gauge 
0 te 50 Ibs. 


Cat Walks, Steel stairs, pipe railings, ete. to 
various locations of boiler room equipme-t. 


i—10 TON “HOWE” PLATFORM SCALE. 


The above listed items are in excellent condition, and are good buys. Available as a unit 
or for separate items. 


DIESEL GENERATOR SETS 


2—MclIntosh-Seymour (Alco) 950 HP 8 
cyl. 225 RPM, 875 KVA Westinghouse 
3 phase, 25 or 60 cycle alternators, 20 
KW exciters. 


1—Baldwin DeLavergne 1140 HP 6 cyl. 
4 cycle, 200 RPM, 1000 KVA Elliott 
3/60/2400 generator. 20 KW exciter. 


Complete plant installation with all 
accessories. Priced attractively. 


WHISLER EQUIPMENT CO. 
611 Olive St. St. Louis 1, Mo. 


LIQUIDATION 


Boiler 45,0002 per hr., 744 HP, 


1—Wiekes 298 HP, 175 PS 

I—B&W Sterling type Boiler, 419 ‘ap, 135 PSI. 
i—Vogt Water Tube Boiler, 528 HP, 175 PSI. 
ag 125, 100, 77, HP 


I—G.E W Non- Condensing Turbo Generator. 
(Worthington 800 HP, LCT-6 Gas Compressor 
J. stage 3’x9” Cent. Pump, 325 gpm, 
Worthington 6 stage 6” pump, 750 gpm, 2590’ 
i—Pacifie 6” pump, 735 gpm, 3110 hd. 
2—Pacific 5 stage, 2/2” pump, 400 gpm, 2,000’ hd. 
BRILL EQUIPMENT COMPANY 
2401 Third Av. 4101 San Jacinto St. 
New York 51, N.Y. Houston 4, Texas 


FOR SALE 


Worthington Condensor—1150 sq. ft.—Model 
DF 555 w/653 Adm. tubes, motor, pump, 
gauge, valves. 

2 Manistee 4x4 Boiler feed pumps, 350 GPM, 
500 ft hd w/Terry Turbines 80 HP 150 Ib. S.P. 
150 HP, HRT Boiler 72” x 18’ Erie, Oil Fired, 
1948 150 Ib. pressure. 

100 HP Erie Economic Package Type, Gas 
Fired, 100 W.P., new 1952 Boiler. 


CROWN MACHINERY COMPANY 
2323 North Ninth St. St. Louis 6, Mo. 


8000 KW PACKAGE UNIT 


Consisting of 8000 KW, 3600 RPM, 11,500 Volt 3 Phase, 60 Cycle, 450 PSI 
Parsons Steam Turbo Generator complete with all auxiliaries, modern switch 
gear and transformers. 90,000 Ib. per hour, 450 PSI, Babcock and Wilcox 
Boiler complete with all auxiliaries. Plant was used as stand-by and is in 
new condition. Can be inspected any time. Immediate delivery. 


GENERAL MACHINERY LIMITED 


GRANVILLE ISLAND e PACIFIC 3487 « VANCOUVER, B. C. 


FOR SALE 


2 B&W #144 COAL PULVERIZERS—Like 
New Ball Mills (vertical type) Driven By 
100 HP, 2300V Motors. 


CHARLES WEAVER 
19701 James Couzens Hwy. 
Detroit 35, Mich. 
Phone: BRoadway 3-1900 


WORLD'S LARGEST INVENTORY 
NEW AND 

GUARANTEED 

REBUILT 

EQUIPMENT 


WRITE, WIRE 
OR PHONE 
ELECTRIC EQUIPMENT co. 


L. D. (Long Distance) 65 
ROCHESTER 1, NEW YORK 
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SEARCHLIGHT SECTION 


OPPORTUNITIES! 


in 
New and used equipment 
recently released from service 
by a number of electric and 
gas utility companies 


POWER PLANT EQUIPMENT 
CONSTRUCTION EQUIPMENT 
SUBSTATION EQUIPMENT 
TRANSMISSION LINE 
MATERIALS 


Send for new list... to 


EBASCO SERVICES INCORPORATED 
APPARATUS EXCHANGE 


Two Rector St., New York 6, N. Y. 


NEW STEAM JET 
AIR EVACTORS 


Several in stock, large range in sizes, 
capacities from 1000 KW to 10,000 KW. 
Priced right. 


CHARLES WEAVER 
19701 James Couzens Hwy. 
Detroit 35, Michigan 
Phone: BRoadway 3-190! 


20,000 Ibs. Type Boiler— 
545 KVA F-M s r Gen n 
600 & 400 HP § cti 

300-250-175-140-120 cw Eng 

426 HP B&W 3-drum, 18 Os P. WT Boiler 
200-150-100 KW Motor Generator Sets 
650 HP (2) Hamilton Corliss Engines 


H. & P., 6719 Etzel, St. Louis 14, Mo. 


OUTSTANDING VALUES! 


DIESEL DRIVEN GENERATORS — PRICED TO SELL 


G.M. 16-567—1250 KVA—A.C. 


1250 KVA 4600/2300 volt 3 phase 60 cycle 720 
RPM Westinghouse sync. A.C. generator—80% 
P.F.—S.O. 6P455 with direct connected 10 KW 
exciter. Spare parts include (1) factory recondi- 
tioned blower; (1) extra blower; and a quantity 
of new pistons, liners, heads, bearings, etc. Unit 
complete with Westinghouse oil circuit breaker 
—15000 volts—type F-124—600 amps—60 cycle 
—solenoid operated—mounted in drawer-type 
cubicle 20’ wide-—4414" deep—88” high. Motor 
operated rheostats. 


G.M. 6-71—60 K.W.—A.C. 


GM 6-71 radiator cooled self-contained diesel 
generator sets—60 KW 440 or 220 volts 60 cycle 
3 phase 1200 RPM with direct connected exciters 
and self-contained panel boards, including rheo- 
stats, SilverStat voltage regulator, ammeters, 
voltmeters. These units are guaranteed to be in 
perfect running condition and can be demon- 
strated at our plant. The generators were made 
by Delco and are ball-bearing drip-proof marine 
type. Engines are famous GM 6-71 6-cylinder 2- 
cycle 41%4 x 5—equipped for electric starting. 
Equipped with radiator, self-contained fuel tank, 
all controls, etc. Mounted on pre-fab sub-base. 
8 available. 


CURTIS 7-5050 


! gine has standard fittings and ancillaries. 


The BOSTON METALS Co. 


313 East Baltimore Street, Baltimore 2, Maryland 


G.M. 16-278A—1200 KW—D.C. 


(1) 16-278A diesel gen rator set. GENERATOR: 
1200 KW—525 volts DC-—-3000 amps-—720 R.P.M. 
—shunt wound. (Generator not shown) ENGINE: 
##11977—complete with full flow filters; Harri- 
son heat exchangers; sirainers; pyrometers, etc. 
1600 HP at 720 RPM-—formerly in Navy DE. 
Never in commercial use. Generator is totally 
encicsed air-cooled drip-proof marine type mfg. 
by Allis-Chalmers. Excellent for dredges and 
other DC requirements. 


1250 KVA DIESEL A.C. POWER PLANT 


Modern 1250 KVA 1000 KW 420 volt 3 phase 50 
cycle 4-wire diesel driven alternator set, mounted 
on a fabricated baseplate and direct coupled at 
750 RPM, ee ENGINE—G.M. 16-278A 
—#11691, dated 1943; 1700 b.h.p. 16-cylinder 
2-stroke cycle; cold starting; cylinders 834” 

1014"; complete with hydraulic governor and 
overspeed trip. Direct ccupled to: ALTERNATOR 
—by Electric Machinery Co—#97688. Revolving 
field, 0.8 P.F.; 1720 amp. per phase; 750 RPM; 
single pedestal oil ring lubricated bearing; 
direct coupled exc‘ter 12.5 volts 52 amps. En- 


LEXINGTON 9-1900 


FOR SALE 
18 NEW TURBINES 


4 horizontal, 14 vertical, Westinghouse 


Driving forced draft blowers—capacities rang- 
ing from 39000 to 56000 CFM and 16” to 
24’ pressure. Steam pressures 360 to 575%, 
back pressure 10%. 

Will sell turbines separately if desired. Price 
reasonable. 

Also—1—250 KW GE turbo g<nerator un't, 3 
phase, 60 cycle, 440 volt. Used one year. 


G. M. DeROSE 

2457 WOODWARD AVE. 

706 DONOVAN BLDG. 
DETROIT 1, MICH. 


COMPLETE SWITCHBOARD 

DESIGN & CONSTRUCTION 
USED & REBUILT EQUIPMENT 

DIESEL SALES & SERVICE 
GENERATORS—GAS OR DIESEL 


UNIVERSAL POWER ENGINEERING CO. 


217 COLDEN ST., JERSEY CITY, N. J. 
Phone: DElaware 2-8300 


FULLY 
FOSTER | cuananrerp 


QUALITY 


RELAYING RAILS 


Handle more cars better—cost less to 
install and maintain. Foster stocks all 
Rail Sections 124 thru 175#, Switch 
Material and Track Accessories. 

SEND FOR CATALOGS 


- TRACK EQUIPMENT - PIPE 


PITTSBURGH 30. * NEW YORK 7,.* CHICAGO, 
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COMPRESSORS 
1902-1957 
WORLD'S BEST REBUILTS 


100 psi 7x7 ing. —ESI 
100 psi 9x9 Ing. ES! 
i 10—4',xi0 Ing. XOB 
12x10 1R-CP—Penn 
10-6x7 Joy WNII2B 
i 12x9 tng. ES—Oil-Less 
i Penn 3AT Gardner X 
i 14x12 1R-CP—Penn 
i 15—%4xl2 IR—XRE 3-60-440 
i 15xl! Worth. HB or HS 
i 15—9'4x12 Ing. XRB 
si Ing XRB 
i 18—i!xI2 Penn DEZ 3-60-2300 
100 psi 22—(3x14 Sullivan WH3i 250 
P 3-60-4800 
00 psi 23—14x16 Ing. PRE2 60-2300 
CFM 50 psi 29—29x2! Ing. 3-60-2300 
6678 CFM 200 psi 33—17%4x27 1750 HP 3-60-2300 
(4) available 
PORTABLES—60-600 CFM Rotary or reciprocating 


4 
| 
3 
| 
| 
Save on Your & © 
INDUSTRIAL 
ig 
TRACK. 
\ 
. x 
} ‘COMPRESSOR COMP. 2 
Fe | 
Telephone, YNion 5-4848 
133 
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Rebuilt 


HEMPHILL Guaranteed EQUIPMENT 


NOW AVAILABLE 
TRANSFORMERS—60 CYCLE SQUIRREL CAGE <A 
Speed ts Chuck-Full of Unsurpassed 
1 


0 
Wagner 1750 PI-444 440 s 4 WAR SURPLUS ond Newly 


x 
< 
> 
c 


Make Type Voltages 
.E. K 120/240 
HT 5 1150Y-220/440 
H Pyranol 1 2400-4800-8320Y 
120/240 
2300/4600-230/460 
7800-15600-220/440 


B. 
West. cs- 40 
G.E. 7 ‘ AW Bargains Including- 
Ww agner 2 - 
TEFC B.B GENERATORS-PUMPS— 
HYDRAULICS. for Farm, 
Home. Factory. Workshop. 
6900/11950¥-120/240 0 Cont. 23 Write Today. 
2400/4160Y-120/240 MOTOR GENERATOR SETS 
4160-120/208Y PAGES GROBAN SUPPLY CO. Dest. 20 
Make Speed 1139 S Wabash Ave., Chicago 5. 
EM. 13 220 y. Syn. 
220/440 
4150 


2500/4160¥ S.R. 
2300/4160 GET CASH NOW 
Type for your new surplus. 
WP T.E.F.C. 
RC motors, controls and 
WP T.E.F.C. 
Aine Ch. FBLI49BB transformers! 
A.C. HOIST MoTORS 
NEW MOTORS 
40 AVAILABLE: 


1 
1 
1 4160-240/480 
3 7200/6600-4160/2400 
60-2400/4160-240/480 KTSs0BS 
Hiperiol 1 
H Pyranol 1 
1 
3 


60-2400-120/240 
2400/4160-120/240 


L 
Abestol 
SYNCHRONOUS MOTORS 


= 


neo 


“FOR POWER 


HEMPHILL 


HE STREET NORTH 
AJAX P.O. Box 262, Rochester, N.Y. 
Long Distance Phone LD. 132 


DIESEL ENGINES — POWER MACHINERY 
BOILERS 
Diesel Generator Sets ° Stationary * Portable * Mobile Motors and Generators HI-PRESSURE 
A. G. SCHOONMAKER COMPANY, INC. 
MAIN OFFICE: Box 516, Sausalito, Calif. BRANCH: 50 Church 7. N. ¥. 7, N. ¥. WABASH POWER EQUIPMENT 


Sausalito 1600 Digby 9-4350 31 E. CONGRESS, CHICAGO 5, HA 7-4855 


WANTED WANTED WANTED BOILER & DIESEL ENGINE 


. Boiler—7500 to 8000 Kgs Steam and pressure 42 
Complete power plants, turbo generators, Boil- B&W boilers sectional header type. Also fire Ke or 600 Ibs. square Inch. os 
ers, Condensers, Engine generators, Processing tube boilers. Write to: Diesel Engine—650 HP, 375 RPM with all ele- 
Plants and equipment. ments necessary for 380/400 Volts 50 Cycles. 
A. ROBERT GIBERT New or Semi New. Immedizte Delivery. 


PAUL OBERMAN P.O. Box 2702 W-5807, POWER 
1910 Delmar St. Louls, Mo. Mexico City, D.F. MEXICO Class. Adv. Div., P.O. Box 12, N.Y. 36, N.Y. 


FOR RATES OR INFORMATION About Classified Advertising 


Contact The McGraw-Hill Office Nearest You 


ATLANTA, 3 CLEVELAND, 15 DETROIT, 26 PHILADEPHIA 
1301 Rhodes-Haverty Bldg. 1510 Hanna Bldg. 856 Penobscot Bldg. 17th & Sansom St. 
JAckson 3-6951 SUperior 1-7000 WOodward 2-1793 Rittenhouse 6-0670 
R. POWELL W. SULLIVAN W. STONE H. BOZARTH 

R. EDSALL 


BOSTON, 16 

350 Park Square LOS ANGELES, 17 

HUbbard 2-7160 DALLAS, 2 1125 W. 6 St. 

J. WARTH Vaughn Bldg. MAdson 6-9351 ST. LOUIS, 8 
1712 Commerce St. D. McMILLAN 3615 Olive St. 

CHICAGO, 11 G. JONES P,. CARBERRY JEfferson 5-4867 

520 No. Michigan Ave. F. HOLLAND 

MOhawk 4-5800 


W. HIGGENS NEW YORK, 36 
J. BRENNAN DENVER, 2 500 Fifth Ave. 
1740 Broadway OXford 3-5959 SAN FRANCISCO, 4 
CINCINNATI, 37 Mile High Center R. LAWLESS 68 Post St. 
2005 Seymour Ave. ALpine 5-2981 S. HENRY DOuglas 2-4600 
F. ROBERTS J. PATTEN D. COSTER W. WOOLSTON 
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| | | NEW, FREE ental? 

750 

750 

250 G 

250 | 

150 Eisler 

3000 =Maloney | 

50 «GLE. 

75 
25 West. 
15 West 

6 15 M 
300 
1000 
; D 
HP 
75 
125 
150 
‘ 250 
SLIP RING MOTORS 
HP 
00 
3 
60 G.E 1800 MT 22( $.900 new meters, O 
60 Ideal 900 AV 22 © 200HP. 
75 G.E 600 IM 44 
150 Allis-Ch. 1800 AY-RW 23¢ | 
200 West. 514 cw 44 
250 West. 600 cw 44 
350 West. 1800 22t 
100 West. 1800 T.E.F.C. 224 | 
B.B. 
C 134 


A 


Air Preheater Corp. ..-B127, B129, B131 
Airetool Mfg. Co. .. -C100 
Alco Products, Inc. B316-B317, C60-C61 
Allen-Sherman-Hoff Co. ... Second Cover, B73 
Allgemeine Elektricitats-Gesellschaft 


Allis-Chalmers Mfg. Co. A91, A158-A159, 
B155-B-156-B157-B158, B172, B198, B211- 
B212-B213-B214, B215, C52-C53, C66 


Allpax Company, Inc. ............. C87 
Alpha-Molykote Corp. 


A156, B136-B137, 
B166 


American Blower Corp. 


American Engineering Co. ......... B130 
American Gilsonite Co. A92 
American Pulverizer Co. ane ‘ -A69 
Ames Iron Works, Inc. .......... A79 
Anchor Packing Co. B388-B389 
Arkansas Fuel Oil Co. .............. B173 
Armstrong Cork Company eeeeheas B391 
Armstrong Machine Works B72, B296a 


Atomics International Div. of 
North American Aviation Inc. 


Automatic Switch Company 


B 


Babbitt Steam Specialty Co. 

Babcock & Wilcox Co. 

Badger Mfg. Co. 

Bailey Meter Co. . B374-B375 


Baldwin-Lima-Hamilton Co. 
Hamilton Div. ...... C64 


Baltimore & Ohio Railroad 
Bell & Gossett Co. 
Belmont Packing & Rubber Co. . .. C80 
Bigelow Co. ...C94, C95 
Bingham Pump Co. 
Bitumi Coal Institut 
Black, Sivalls & Bryson, Inc. oo. -BS65 


Blaw-Knox Co. 
Power Piping & Sprinkler Div. 


Boiler Tube Co. of America .. 
Bridgeport Brass Co. 


Brown Boveri Corp. A157, B153, B194 


Buell Engineering Co. .. ... B133 
Buffalo Forge Co. B110-B111 
Buffalo Pumps, Inc. B282 
Bussmann Mfg. Co. AlLM4-Al15 
Byers A. M. ........ ...A70 


Byron Jackson Pumps, Inc. , .B295 


€ 
Cash Co., A. W. 
Catawissa Valve & Fittings Co. C15 


Celanese Corp. of America 
(Chemical Div.) ... B218 


...-B296d 
.. -B392 


Chapman Valve Mfg. Co. 
Chesapeake & Ohio Railway 
Chesterton Co., A. W. 
Chicago Pneumatic Tool Co. 'B154, B242-B243 
Chicago-Wilcox Mfg. Co. C112 
Cities Service Oil Co. .. 

Clarage Fan Co. 

Clark Bros. Co. 

Cleaver-Brooks Co. (Boiler Div.)...B402-B403 
Clyde Iron Works, Inc. 
Cochrane Corporation. .B238-B239, B319, B323 


Combustion Engineering, Inc... .B77-B78-B79- 
B80-B81-B82-B83-B84 


Condenser Service & Engrg. Co. .. B324 


Copes-Vulcan Div., 
Blaw-Knox Company. B114-B115, B352-B353 


Coppus Engineering Corp. 
Corning Glass Works 
Crane Company ...... 
Crane Packing Company 
Crawford Fitting Company 


Cyclotherm Div., 
National-U. S. Radiator Corp. . 


D 


Dearborn Chemical Co. oe B285 
DeLaval Steam Turbine Co. 4-5, B105 
Deming Company .. 
Detroit Stoker Co. . B96-B97 
Diamond Power Specialty Corp. ... B351 
Dodge Mfg. Corp. B160-B161 
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Dow Corning Corp. 

Dowell, Inc. 

B41, B94 
Dwyer Mfg. Co., F. W. ... ci24 


Dravo Corporation 


Eagle-Picher Co. 
Edison Industries, Thomas 


B267-B268-B269-B270- 
B271-B272-B273 


Edward Valves, Inc... 


Electric Machinery Mig. B204-B205 


Electric Storage Battery C 
Exide Industrial Div. ...... BI91 


Elgin Softener Corp. F .... B278 
. .337-B38-B39-B40, B195 
. C106 


Elliott Company... 
Engineer Co’apany 
Enos Coal Mining Co. ...... 
Equipto Div. of Aurora Equip. Co. C125 
Erico Products, Inc. ..B199 


Erie City Iron Works B92-B93 


Fairbanks, Morse & Co 


Fibreboard Paper Prods. Corp., 
Pabco Ind. Insulations Div. .... 


Fisher Governor Co. . 
Flexible Steel Lacing Co. 
Flexitallic Gasket Co. 
Fly Ash Arrestor Gu. 


Foster Wheeler Corp. B61-B62-B63-B64- 


B65-B66-B67-B68 
Frick Company .. 
Fuller Company 


G 


Garlock Packing Company B288-B289 


General Electric Compary 
(Apparatus Dept.) ....Al51, B163, B174, 
B200-B201, B208, B217 


General Filter Co. 
Goodrich Industrial Products Co., B. F...€138 


Continued on next page 
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ADVERTISERS’ INDEX 


Continued from Page C135 


Goulds Pumps, Inc. .... 
Graver Tank & Mfg. Co., Inc. ..C77 
Graver Water Conditioning Co. B293 
Green Fire Brick Co., A. P. .... .. A89 


Green Fuel Economizer Co., Inc. 


Third Cover 


Grinnell Company 


H 


Hagan Chemicals & Controls, Inc... B359-B360- 
B361-B362 


Hall Laboratories . B251 
Harbison-Walker Refractories Co. .B121-B122 


Hays Corporation .B354 
Hewitt-Robins .. -A85-A86-A87-A88 
Heyl & Patterson, Inc. .. ave . B99 
Hoffman Specialty Mfg. Corp. .B134 
Huyette Co., Paul B. bs ee C105 
I 

I-T-E Circuit Breaker Co. 

(Switchgear Div.) B202-B203 
Illinois Water Treatment Co. ..C102 
Infileo Inc. ..»-B245 
Ingersoll-Rand Co. B254-B255 
International Nickel Co., Inc. 5c B322 
Iron Fireman Mfg. Co. .. pave 

J 
Jeffrey Mfg. Co. -B118 
Jenkins Bros. B400-B401 
Jerguson Gage & Valve Co. wh B363 
Johns-Manville .-B112, B264 
Johnson Service Co. B370-B371 
Joy Mfg. Company ..... B252 


K 


Keasbey & Mattison Co. bea A75 


Keeler Company, E. B124-B125 
Kennedy-Van Saun Mfg. & 
Engrg. Corp. ..A112-A113 


Kieley & Mueller, Inc. ..... .. B350 
Kirk & Blum Mfg. Co. 
Kittell Muffler & Engrg. Inc.... 


C112 
C124 
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Klemp Metal Grating Co. .. oss MRD 
Klipfel Valves Inc. . B287 


Koppers Co., Inc. 
(Aeromaster Fans) __...... C106 


Koppers Co., Inc. 


Kuljian Corporation C85 


Laclede Stoker Co. .... a5 ‘ . C99 
Layne & Bowler Pump Co. ve Cll 
Leeds & Northrup Company 
Leslie Company _. 
Lenergen Co. J. EB. ......... .. C96 
Lovejoy Flexible Coupling Co. .. C109 
Lunkenheimer Company ... B292 
M 
M. A. N. Maschinenfabrik Augsburg- 
Mahon Co., R. C. 


Manning, Maxwell & Moore, Inc. A152, B256- 

B257, B290, B358 
Marley Company .. .B211-B312-B313-B314 
Marsh Heating Equipment Co. ..B253 
Maryland Shipbuilding & Drydock Co... .B326 


Mason-Neilan 


Div. of Worthington Corp. ._ ...B372-B373 
McDonnell & Miller, Inc. 
McGraw-Hill Book Co. A95 
MeNally-Pittsburg Mfg. Co. ... 
Mettler Co., Ine. 

Div. of Eclipse Engrg. Co. .. -» Cis 
Midcontinent Tube Service, Inc. . .C126 
Midwest Piping Co., Inc. B132, B263 


Minneapolis-Honeywell Regulator Co., 


Industrial Div. . .B-366-B367 
Minnesota Mining & Mfg. Co. a 
Miracle Adhesives Corp. ........ | 
Monsanto Chemical Co. 

Organic Chemicals Div. . .B390 


Murray Iron Works Co. .. . B69 


N 


National Airoil Burner Co., Inc. . C84 


National Aluminate Corp. ....B235, C51, C83 


National Tube Div. 


Nelson Co. ........ ..€104 
Nicholson & Co., W. H. .... Var: 
Nordberg Mfg. Co. . _B168-B169 


North American Mogul Products Co. B276 


Norton Company .. C58-C59 
Norwood Controls 
Div. of American Standard . .B356-B257 


O 


Ohio Brass Co. 


Ohio Injector Co. . B296e 
Okonite Co. . .B206 
Orr & Sembower, Inc. ............... Al@8 
Owens-Corning Fiberglas Corp. 
P 
B246-B247 
Penberthy Mfg. Co. 
Permutit Company .. B260-B261 
Philadelphia Gear Works, Inc. .._. B277 
Phoenix Mfg. Co. 
(Flange & Forging Div.) . _B296 
Pittsburgh Piping & Equipment Co. All6- 
Al117-Al118 
Powell Co., Wm. .. 12-13 
Powers Regulator Co. B33, C125 
Prat-Daniel Corp. ........ 


Pratt Company, Henry ....-B296b, C56 
Preferred Utilities Mfg. Corp. ......... C101 
Proportioneers Div. of BIF Industries (62-C63 


R 


R-P&C Valve Div. 
Amer. Chain & Cable Co., Inc. B284 


Raybestos-Manhattan, Inc. 


Manhattan Rubber Div. ......... B74-B75 
Raybestos-Manhattan, Inc. 

Reliance Gauge Column Co. B376-B377 


Reliance Steel Products Co. ..... 9 B36 


Republic Flow Meters Co. .B346-B347- 

B348-B349 
Republic Steel Corp. ...........--- .AT6-AT77 
Research-Cottrell, Inc. ..........- .B108-B109 
Revere Copper & Brass, Inc. ...... ... B365 
Ric-Wil Incorporated ....... A100 
Ridge Tool Company ... -C90, C91 


Riley Stoker Corporation .......... Al154-A155 
Ross Heat Exchanger Div. ... 


Murray Mfg. Co., D. J. $803 


Roto Div. of Elliott Co. ... 
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.. .B128 
| L . .B283 


S 


Samuel & Co., Ralph E......... .. 


Sarco Company ...................B240-B241 
Sargent & Lundy Engineers .. diene 
Scam Instrument Corp. ........... C98 
Sinclair Refining Co. ........... .. .B387 
Skinner Engine Co. .... 
Smith Company, S. Morgan . B165, B250 
Socony Mobil Oil Co., Inc. ............... A73 
South Bend Air Products, Inc. 
Southwestern Engineering Co. ... ..C110 
Speedline Fittings Div., 

Spence Engineering Co. reer 
Standard Oil Co. of Indiana ... 
Stephens-Adamson Mfg. Co. .......B42-B43 
Stillwater Clay Products Co., 

Stock Equipment Co. 
Stone & Webster Engrg. Co. ..... “ C65 
Strong, Carlisle & Hammond Co. _. C107 


Sumo Pumps, Inc. C108 


Sun Oil Co. ....... B395-B396 


Superior Combustion Industries, Inc. B106- 
B107 


Taylor & Co., W. A. 


B-85, B-364 


Taylor Instrument Companies . 


Tejax Engrg. Corp. 


Terry Steam Turbine Co.. ............ B159 
Texas Company ................. B138, B378 
Thermix Corporation 


W 


Wagner Electric Corp. B196-B197, B209 


Wallace & Tiernan, Inc. ..... C97 
Warren Pumps, Inc. .......... A104 
Webster Manufacturing, Inc. ..... A774 
Western Chemical Co. ....... C122 
Western Precipitation Corp. .... . B119 


Westinghouse Electric Corp. . 10-11, Al05- 
A106-A107-A108-A109-A110, 
B192-B193, B207, B328-B329 


Wheeler Mfg. Co., C. H. -B291, B321 
Wickes Boiler Co. _....... B116-B117 
Wiedeke Co., Gustav .. ee B88-B89 


Wilson-Snyder Works, Cil Well Supply Div., 
U. S. Steel Corp. .. . .B262 


Wing Mfg. Co., L. J. .... 


. B25-B26-B27-B28-B29- 
B20-B31-B32, Back Cover 


Yarnall-Waring Company B70-B71, B236-B?37, 


Worthington Corp. 


B344-B345 
Yeomans Bros. Co. ...... C88 
Yuba Heat Transfer Div. F wae B325 
Ziegler & Co., G. S. ......... err 
Zimmerman Packing Co. ........... B274 


PARTNERS IN PROGRESS 
The Honor Roll of Long-time 
POWER Advertisers 
Pages 8-9 


CLASSIFIED ADVERTISING 


F. J. Eberle, Business Mgr. 


EMPLOYMENT OPPORTUNITIES C127-C128 


EQUIPMENT 
(Used or Surplus New) 
For Sale . .©128-C134 


Electric Service Co., Inc. ...... 


Ellis Co., A. Lee ........ 


Ephrata, Borough of .. iPr C131 
Fidelity Personnel Service ....C128 
Foster Co., L. B. . 


Todd Shipyards Corp., 
Products Div. 


C104 


WANTED 
B297-B298 Equipment 


Tube-Turns, Inc. 


ADVBPRTISERS INDEX 


Ajax Electric Motor Corp. 


Valley Camp Coal Co. ...... Chicago Electric Co. 


Vapor Heating Corp. B135 
Velan Valve Corp. ....... c79 


Viking Pump Co. 


Crown Machinery Co. .... 


De Rose, G. M. 


. .C82 


Ebasco Services Inc. .... 


Vogt Machine Co., Henry ....B113, B259, B327 Electric Equipment Co. ... 
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General Machinery Ltd. 


Gilbert, A. Robert 
C134 
Groban Supply Co. 


Hall & Co., Stephen 


Heat & Power Co., Ine. 


Hemphill & Co., Ine. 


Union Iron Works ..... ‘oh ; B120 = 

American Air Compressor Corp. .. ----C138 H & P Machinery Co. 
United States Gauge. . .B330 

American & Foreign Power Co., Inc. .....C127 Hughes Co., Arnold 
United States Rubber Co. 

(Mechanical Goods Div.) B86-B87 Beggs & Son, Paul W. ............ » Ole Leeds & Northrup Co. 

United States Steel Corp. ............. 16 Belyea Co., Inc. .. - C129 Maritime Power Corp. . 
Atlas Ge. _.B100 Benson-Wilimzig, Inc. ........ Oberman, Paul 

Boston Metals Co., Inc. .......... csee. C188 Power Equipment Co. . 

V Brew-Woltman Co. ........... “F C128 Schoonmaker Co., Inc., A. 
C182 Seranton Public Schools . 


... 


C132 


. C133 


Wagner Co., Arthur 


C127, 138 


Weaver, Charles . 


C132 Whisler Eqpt. Co. 


Universal Power & Eng. Co. . 


Wabash Power Equipment Co. 


C128, 131, 132, 133 


. .C132 


C134 


C134 


C130 
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Big steel gizzard grinds rocks 


B. F. Goodrich improvements in rubber brought extra savings 


Problem: As \ong as that big steel 
drum (at left) keeps turning, it does a 
beautiful job of grinding copper ore 
into powder. Hundreds of steel balls 
do the grinding, just as pebbles in a 
chicken’s gizzard pulverize food. 

But getting that heavy mill to turn- 
ing from a dead stop, sometimes 
snapped one or more V belts like pieces 
of string. Even after starting, the strain 
of keeping it going wore out belts be- 
fore their time. 

What was done: WhenaB.E.Goodrich 
distributor heard of the problem, he 
recommended Grommet belts, a dif- 
ferent kind of V belt developed and 


C 138 


made only by B.F.Goodrich. On the 
outside a Grommet belt looks like any 
other V belt. But buried inside are two 
cord loops, made like twisted cables 
except that they’re endless—no splices 
or overlaps. It’s these two grommets 
that make the B.F. Goodrich belt strong 
enough to pull heavy loads and take 
sudden jerks without going to pieces. 
Savings: The set of B.F. Goodrich 

elts shown above have been on the 
job nearly 6 years now—longer than 
any V belts used before—and they show 
no signs of wearing out. They’ve never 
needed to be adjusted, haven't lost a 
minute of the copper company’s time. 


Where to buy: Your B.F. Goodrich dis- 
tributor has full information on the 
B.F.Goodrich belts described here. 
And, as a factory-trained specialist in 
rubber products, he can answer your 
questions about a// the rubber products 
B.F.Goodrich makes for industry. 
B.F.Goodrich Industrial Products Co., 
Dept. M-135, Akron 18, Ohio. 


Grommet—T. M. The B. F.Goodrich Co. 


B.EGoodrich 


INDUSTRIAL PRODUCTS 
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from 
Twin Branch 


leted 1957) 


Philo Plant, Ohio P 


Grinnell Pipe Hangers have met the 
challenge of skyrocketing pressures 


and climbing temperatures 


Back in 1940, American Gas and Electric Company System 
made industry history when Unit #3 at the Twin Branch 
plant of Indiana & Michigan Electric Company went on the 
line at 2300 psi and 940 F. Grinnell designed the pipe sus- 
pension system and supplied the pipe hangers for this pace- 
setting unit. 

In the years that followed, as other AGE stations and 
units were built, Grinnell continued to serve this progres- 
sive utility company. When the supercritical Philo plant of 


with American Gas and Electric 


Grinnell has supplied pipe hangers for the following 
plants of American Gas and Electric System: 
; Completion 

Utility Station Unit No. 
Indiana & Michigan Twin Branch 3 1940-41 
Appalachian Electric Cabin Creek 8,9 1942-43 
Chio Power Philo 4,5 1941-42 
Indiana & Michigan Twin Branch 4 1944 
Ohio Power Tidd 1,2 1945-48 
Appalachian Electric Philip Sporn 1 1950 
Ohio Power Philip Sporn 2 1950 
Appalachian Electric Kanawha River 1,2 1953 
Ohio Power Muskingum River 3, 4 1957 
Appalachian Electric GlenLyn 6 1957 
Ohio Power Philo 6 1957 
Ohio Power Kammer 1,2,3 1958 
Appalachian Electric Clinch River hia 1958 


Ohio Power Company was conceived, Grinnell again was 
selected to engineer the pipe suspension system. Working 
in an uncharted area of supercritical pressures, Grinnell 
engineered a system to provide the required safety, and 
furnished all of the pipe hangers and supports for this 
4500 psi — 1150 F steam unit. 


Grinnell invites your problems in pipe suspension. 
Remember, you benefit from more than a century of piping 
specialization when you call on Grinnell. 


GRINNELL 


AMERICA’S #1 SUPPLIER OF PIPE HANGERS AND SUPPORTS 


Grinnell Company, Inc., Providence, Rhode Island 


Coast-to-Coast Network of Branch Warehouses and Disiributors 


industrial supplies e 


Grinnell automatic sprinkler fire protection systems ° 


m pipe and tube fittings °* welding fittings * engineered pipe hangers and supports * Thermolier unit heaters °* valves 


Grinnell-Saunders diaphragm valves * pipe * prefatricated piping * plumbing and heating specialties * water works supplies 


Amco air conditioning systems 


J 
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Keep your eye on WORTHINGTON 


More developments are being 
introduced now by Worthington 

than ever before in the 68 years 

of our product representation in Power. 


For news of important Worthington 


innovations in the power 


service fields, please turn 


to pages B-25 to B-32. 
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